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Annual  Bepobt  of  the  Geolooical  Suryet  of  Indu,  and  of  the  Geological 

Museum,  Calcutta,  for  the  tear  1878. 

In  tlie  report  for  a  year  that  has  been  comparatiyely  tmproductive  of  fresh 
"work,  I  have  to  record,  as  compensation,  the  completion  of  the  Manual  of  the 
Geology  of  India.  The  two  facts  are,  indeed,  closely  connected :  The  Mannal  is 
principally — readers  will  often  find  canse  to  regret  that  it  is  not  aU — the  work  of 
Mr.  Blanford,  who  was  thereby  prevented  from  taking  the  field  in  the  open 
season  of  1877-78.  When  resnlts  are  to  be  measured  by  the  knowledge  gained 
from  the  study  of  obscure  facts,  many  circumstances  afEect  the  tale  of  progress, 
which  depends  more  upon  the  study  than  upon  the  accumulation  of  what  are 
called  obeervations.  Geology  has  sulEered  much  from  the  delusion  that  the  two 
ofBoea  can  be  separated. 

The  Manual  itself  is  a  progress  report  in  extensa-^o,  full  summary  both  of  what 
is  known  and  of  what  we  fancy  to  be  known  regarding  the  geology  of  India,  i.e.; 
of  supposed  (partial)  facts,  and  of  the  apparent  conclusions  therefrom.  Despite 
explanation  and  cautions  given,  students  are  likely  to  forget  the  very  scanty  and 
crude  state  of  the  information  upon  which  much  of  the  work  is  based,  and 
therefore  how  liable  to  overthrow  are  the  inferences  suggested  from  that  inform- 
ation. Such  inferences  have  been  freely  offered  in  the  Manual,  in  order  to  give 
point  to  the  description,  and  to  incite  other  observers  with  the  agreeable  en- 
couragement of  discovering  error.  !Now  that  a  more  intelligent  understanding 
is  gaining  ground  regarding  scientific  method,  the  rational  use  of  hypothesis 
as  opposed  to  dogma,  it  is  possible  to  be  instructive  without  misleading  others  or 
stultifying  one's  self.  Unfortunately,  our  -work  in  India  still  suffers  from  the 
impunity  with  which  either  blunder  might  be  committed ;  as  the  business  of 
correction  and  exposure  is  almost  entirely  in  our  own  hands.  The  duty  of  self- 
correction  will  not,  however,  be  lost  sight  of,  or  evaded.  The  Manual  affords  an 
excellent  datum-line,  available  to  all,  from  which  to  mark  the  phases  of  our 
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progress,  and  the  annual  report  is  the  appropriate  medium  for  bringing  to  notice 
sncli  changes  as  haye  become  necessary  in  the  provisional  interpretations  of  that 
date.  Already,  almost  cotemporaneonslj  with  the  publication  of  the  Manual,  the 
balance  of  evidence  on  some  points  has  been  affected  hj  the  results  of  the  last 
season's  work,  as  will  be  mentioned  in  the  following  remarks. 

Before  alluding  to  this  work  of  detail,  I  would  make  mention  of  some  general 
observations  on  the  geology  of  India  published  within  the  year,  and  based  upon 
the  work  of  the  Survey.  Our  distinguished  colleague.  Dr.  Waagen,  whose  services, 
I  am  happy  to  say,  are  still  engaged  in  our  behalf,  so  far  as  his  health  will  permit, 
presented  to  the  Academy  of  Vienna  a  sketch  of  the  geology  of  India  based  upon 
a  discussion  of  its  palieontology.  Work  of  this  kind  is  of  the  highest  value  and 
interest,  as  representing  the  results  and  the  rationale  of  the  details  of  palsBonto^ 
logical  research.  For  the  benefit  of  English  students,  in  India  or  elsewhere,  a 
translation  of  the  paper  is  published  in  the  Records  for  November. 

So  far  as  relates  immediately  to  India,  the  features  evolved  are  of  permanent 
importance.     The  only  misgiving  that  occurs  to  one  in  respect  of  the  wider  gener- 
alizations is,  that  the  provisional  condition  of  the  biological  principles  upon  which 
most  of  these  deductions  depend  may  not  have  been  sufficiently  kept  in  view. 
Several  relations  in  the  comparative  palsBogeography  of  very  distant  countries 
are  confidently  assigned,  on  the  assumption  of  certain  laws  of  distribution  of  life, 
in  time  and  space.     Now,  however  confident  we  may  feel  regarding  the  general 
principle  of  the  derivation  of  organic  forms,  the  particular  view  of  that  principle 
necessary  to  the  validity  of  such  speculations  as  those  under  notice  is  still  under 
discussion,  and  the  familiar  application  of  it,  as  if  established,  may  (or  even  must) 
seriously  interfere  with  the  verification  and  study  of  the  great  biological  problem 
which  is  the  highest  object  of  geological  pursuit,  and  ^  subsidiary  to  which 
these  geographical  puzzles  are  principaUy  of  any  interost.     To  those  who  are 
awake  to  the  importance  of  the  vital  question,  even  though  they  may  not  be 
qualified  to  discuss  it  directly,  such  interference  is  a  subject  of  regret. 

In  the  last  presidential  address  to  the  Geological  Society  of  London,  Professor 
Martin  Duncan  gives  a  most  instructive  review  of  many  complicated  problems 
in  zoology  and  palsBontology.  From  his  statement  of  the  objections  to  accepting 
the  relative  classification  of  the  tertiary  rocks  of  India,  as  recently  put  forward 
by  the  Survey,  it  might  be  thought  that  some  decidedly  unscientific  prejudice 
had  had  influence  in  the  discussion.  Objections  are  of  more  service  to  us  than 
approval,  and  some  of  those  mede  by  this  high  authority  may  not  be  so  easily 
removed  as  the  one  I  have  mentioned.  With  the  greatest  respect  for  the  work 
of  the  illustrious  Falconer,  of  whom  we  are  most  justly  proud  as  the  local  founder 
of  paliBontological  research,  it  was  not  thought  that  his  views  could  be  final,  or 
that  they  were  compatible  with  a  fuller  knowledge  of  the  formations.  He  had 
treated  as  one  fauna  the  fossils  from  a  prodigious  series  of  strata,  in  which  those 
fossils  are  by  no  means  promiscuously  distributed.  It  did  not  seem  even  that 
Falconer  himself  had  considered  his  opinion  conclusive  on  these  points  of  correla- 
tion, more  especially  as  regards  the  older  gravels  of  the  Indian  river  valleys. 
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When,  therefore,  a  etone  implement  was  found  in  these  gravels,  it  was  made  the 
occasion  of  a  special  consideration  of  some  features  of  the  case  that  had  not  pre- 
yiooslj  been  discussed.  This  proceeding  was  no  more  than  was  demanded  by  the 
peculiar  interest  of  the  occasion.  The  same  judicious  caution  has  markedly 
characterized  the  most  recent  investigations  by  perfectly  impartial  obseryers 
regarding  the  human  period  in  England. 

Femnsfilar  area :  Azoic  rocks — To  follow  the  order  observed  in  the  Manual, 
the  asoic  rocks  are  noticed  first.  The  Arvali  region  is  the  only  ground  where  we 
have  been  especially  engaged  upon  these  formations  during  the  past  season. 
Mr.  Hacket  examined  a  very  large  area  at  the  northern  extremity  of  the  range, 
with  all  the  outliers  between  Deeg  and  Tosh&m  (near  H&nsi),  up  to  the  Jumna 
at  Delhi.  Mr.  Hacket  has  hitherto  had  this  area  all  to  himself,  and  at  pages  48  to 
52  of  the  Manual  an  abstract  is  given  of  the  provisional  views  then  suggested. 
Yeiy  considerable  changes  in  the  stratigraphical  series  are  now  proposed.  The 
Mandan  and  Ajabgarh  groups,  lying  mainly  to  the  west  of  the  Alwar  and  Delhi 
range  of  quarizites,  were  placed  at  the  top  of  the  series.  The  Mandan  rocks  occur 
in  isolated  ridges,  and  were  separated  from  the  Ajabgarh  beds  on  account  of  the 
absence  of  certain  bands  that  are  prominent  in  the  latter  group ;  while  the 
Ajabgarh  beds  were  placed  above  the  Alwar  quartzites  on  account  of  some  cases 
of  steep,  partial  superposition  which  must  now  be  regarded  as  inversions,  for 
Mr.  Hacket  considers  both  the  Mandan  and  Ajabgarh  beds  to  be  representative  of 
the  Baiilo  group,  underlying  the  Alwar  quartzites.  In  the  study  of  extensive 
areas  of  contorted  transition  rocks,  the  tendency  is  usually  towards  a  greater  sub- 
division and  expansion  of  the  series,  original  features  of  unconformity  being 
often  disguised  by  the  crushing  of  the  strata ;  but  Mr.  Hacket  makes  out  a  good 
case  for  this  contraction  of  the  Arvali  series,  as  first  proposed.  The  veiy  mixed 
and  variable  character  of  the  deposits  of  the  Baidlo  group  was  pointed  out  from 
the  first ;  and  in  this  as  weU  as  in  other  petrologicaJ  characters  the  agreement 
of  the  Mandan  and  Ajabgarh  rocks  is  sufficiently  close,  besides  that  new  sections 
have  shown  these  to  have  the  same  relation  as  the  Bai&los  to  the  gneiss  and  to  the 
Alwar  quartzites. 

The  adoption  of  two  instead  of  four  groups  is,  so  far,  an  apparent  simplification ; 
but  the  chief  structural  difficulties  of  the  ground  are  still  unexplained.  These 
are,  the  almost  incompatible  variations  in  the  relations  of  these  groups  to  each 
oihar  and  to  the  gneiss.  In  many  sections  the  two  groups  are  described  as  com- 
pletely transitional,  by  interstratification.  Again,  each  group  is  locally  described 
as  transitional  with  the  gneiss :  the  Rai&lo  black  slates  passing  down  into  a  dark 
schistose  gneiss ;  and  the  Alwar  quartzites  being  transitional  downwards  with  a 
gneiss  that  is  only  a  subfoliated  felspathic  quartzite.  But  in  other  sections  the 
Alwar  quartzite  is  described  as  overlapping  on  gneiss,  as  in  the  hills  between  Udepur 
and  (Khandela,  40  miles  north-west  of  Jeypore.  These  discrepancies  might  be 
got  over  by  assuming  that  all  the  gneiss  is  simply  converted  Arvali  strata,  the 
metamorphism  having  extended  locally  to  different  horizons ;  and  that  the  word 
'overlap'  is  misapplied  in  such  cases,  for  it  implies  a  primitive  gneiss,  with 
original  local  absence  of  the  Baialo  g^up ;  and  no  distinction  of  gneisses  has  been 
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attempted.  This  easy  solution  of  the  difficnliy  might  be  adopted,  were  it  not 
that  other  observations  independently  require  such  original  conditions  as  are 
implied  bj  overlap :  in  the  little  hills  south  of  the  railway  between  the  Basi  and 
Jatwdra  stations,  20  miles  east  of  Jeypore,  a  coarse  conglomerate  occurs  at  the 
junction  of  the  Alwar  and  Baiiilo  groups,  containing  large  boulders  of  gneiss, 
quartzite,  limestone,  and  of  a  banded  jaspideous  rock,  in  a  schistose  matrix.  Now, 
it  seems  impossible,  under  any  recognized  doctrines  of  rock-formation,  to  consider 
such  debris  as  this  to  be  derived  from  the  series  in  which  it  occurs ;  and  the 
gneiss  boulders  especially  require  the  supposition  of  a  metamorphic  series  older 
than  that  of  the  Arvalis  themselves,  and  upon  which  an  overlap  of  the  Alwar 
quartzites  might  naturally  occur.  But  no  such  rocks  have  been  discriminated 
within  the  very  large  area  of  these  formations  explored.  Should  this  strati- 
graphical  evidence  fail,  it  may  be  permissible  to  suggest  some  primitive  conditions 
of  rock-formation,  involving  some  very  rapid  process  of  induration  of  deposits,  or 
even  their  crystallization,  to  take  the  place  of  what  is  commonly  implied  by 
metamorphism ;  and  also  involving  much  greater  facilities  of  very  local  disturbance, 
whereby  the  same  deposits  may  be  strongly  unconformable  and  in  unbroken 
sequence,  within  close  proximity.  The  proved  extreme  antiquity  of  the  transi- 
tion rocks  of  the  Indian  Peninsula  admits,  perhaps,  of  some  appeal  to  conditions 
differing  widely  from,  any  standard  of  processes  now  in  operation.  These  rocks 
may,  indeed,  be  azoic  in  the  original  acceptation  of  the  term — anterior  to  the 
appearance  of  life  in  this  portion  of  the  earth's  surface. 

The  foregoing  remarks  refer  only  to  the  Arvali  rocks,  as  hitherto  described ; 
but  Mr.  Hacket*s  observations  of  last  season  lead  him  to  extend  these  views  to 
some  rocks  of  the  adjoining  region  to  the  east,  although  without  a  re-examination 
of  these  sections.  The  change  offers  an  immediate  relief  from  the  difficulties 
stated  on  pages  51  and  52  of  the  Manual.  At  the  eastern  edge  of  the  Arvali 
region,  close  along  the  scarp  of  the  Yindhyan  series,  there  appear  in  the  Hindaun 
ridge  some  typical  representatives  of  the  Gwalior  series.  In  their  standard  area, 
to  the  east  of  the  Yindhyan  basin,  these  rocks  rest,  undisturbed  and  completely 
unconformable,  upon  the  gneiss  of  Buudelkhand ;  and  the  puzzle  was  to  find  a 
place  for  these  Owaliors  of  the  Hindaun  ridge,  either  between  the  Yindhyans  and 
the  Arvali  series,  or  between  these  and  ihe  Arvali  gneiss ;  the  former  alternative 
being  provisionally  accepted  as  the  least  anomalous.  It  was  thought  that  the 
peculiar  composition  of  the  Gwalior  rocks  and  their  local  unconformity  to  the 
Arvali  series  forbade  their  being  identified  with  this  series.  Now,  however, 
Mr.  Hacket  considers  that,  as  with  the  Mandan  and  Ajabgarh  groups,  so  the 
Gwalior  rocks  must  be  brought  within  the  horizon  of  the  Baiilo  group,  and  for 
similar  reasons.  The  most  peculiar  and  prevailing  character  of  the  Gwalior 
series  is  the  presence  of  jaspideous  bands,  generally  of  a  bright  red  colour.  The 
very  special  nature  of  this  rock,  however  abundant  locally,  would  be  in  itself  an 
excuse  for  not  insisting  upon  it  as  a  character  of  wide  extension.  The  objection 
is,  moreover,  modified  by  the  occurrence  of  compact  silicious  bands  in  the  Baialo 
group,  as  in  the  hills  near  Sathdna  in  Shaikhawati ;  near  Chenpura,  north-east 
of  Basi  railway  station ;  and  near  Muhammadpur,  south  of  Kherli  station. 
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The  GwalioT  rocks  hare  been  independently  ranked  as  in  the  npper  transition 
series  of  Peninsular  India,  as  probably  equivalent  to  the  Kadapah  series  of 
Southern  India ;  and  thus  the  AryaJi  series,  in  great  part  metamorphic,  would  be 
brought  into  a  more  defined  position  in  the  general  scale  of  Indian  formations. 

Oondwdna  rocJcs :  Palamow. — On  page  198  of  the  Manual  mere  mention  could 
be  made  of  the  '  xmsurveyed  basins  of  Palamow.'  A  description  of  these  coal-fields 
by  Mr.  Ball,  with  maps,  has  since  been  published  (Mem.  G.  S.  I.,  Vol.  XV,  pt.  1). 
This  ground  is  more  accessible  from  the  trunk  railway  than  the  coal-basins  of  the 
upper  Damuda  valley ;  and  projects  for  working  the  coaJ  have  lately  been  pro- 
posed. Two  new  coal-fields  have  been  marked  in  the  basin  of  the  Koel  river :  the 
Aumnga  field  on  the  east  has  an  area  of  97  square  miles ;  and  the  Hutdr  field 
on  the  west,  traversed  by^the  river  '.Koel,  has  an  area  of  78  square  miles.  Both 
measurements  include  the  whole  of  the  Gondwdna  deposits,  but  the  areas  to  be 
deducted  from  the  Talchir  outcrop  are  small.  So  far  as  could  be  determined  from 
surface  indications,  the  coal  of  these  areas,  especially  in  the  Aurunga  field,  is  not 
so  good  as  that  of  the  smaller  Daltonganj  field,  lower  down  the  Koel,  to  the 
north. 

The  geologpical  interest  of  this  ground  is,  that  here  a  marked  change  takes 
place  in  the  petrological  characters  of  the  Gondwdna  system,  between  the  series 
as  developed  in  the  Damuda  valley  coal-fieJds  and  that  found  in  the  great 
midland  area  of  South  Bewah  (the  Son  region),  as  well  as  in  the  Mahanadi  and 
Godavari  regpions.  In  the  Damuda  region  three  considerable  deposits  (the  Iron- 
stone Shales,  Baniganj,  and  Panchet  groups),  of  lower  Gondwdna  age,  are  petro- 
logically  well  distinguished  from  the  lower  coal-measures  (Bardkar  group). 
These  groups  are  here  overlaid  by  a  thick  sandstone,  generally  characterized  by  its 
comparative  want  of  earthy  bond,  and  its  consequent  porosity.  It  was  originally 
named  the  upper  Panchet  group,  in  the  Hdniganj  field ;  but  from  its  presum- 
able equivalence  to  the  Dubrdjpur  sandstone  of  the  BdjmaMl  region,  in  which 
npper  Gondwdna  fossils  occur,  and  from  partial  unconformity,  it  has  latterly 
been  separated  from  the  lower  Gondwiina  series,  under  the  general  name 
'Mah^deva,'  which  is  at  present  a  partial  equivalent  for  upper  Gondwana.  In  the 
midland  and  south-eastern  regions  a  sandstone  of  this  type  rests  inmiediately 
upon  beds  representing  the  lower  coal-measures  of  Bengal,  and  overlap-imcon- 
formity  is  at  many  places  very  marked  at  this  horizon.  Notwithst«uiding  these 
marks  of  changed  conditions,  it  appears  from  the  fossils  that  a  great  thickness 
of  these  upper  sandstones  (Kdmthis)  in  the  Godavari  valley  must  be  recognized 
as  lower  Gondw&nas,  possibly  on  the  horizon  of  the  Bdnig^j  group  of  the 
Damuda  fields. 

Mr.  Ball  established  the  same  fact  for  the  upper  sandstones  at  Hengir  in  the 
Mahinadi  region ;  and  he  now  (Z.  c,  p.  46)  confirms  the  observation  of  the 
strong  resemblance  between  that  rock  and  the  sandstone  resting  on  the  lower 
coal-measures  in  Western  Palamow,  but  which  he  shows  to  be  unquestionably 
identical  stratigraphically  with  the  supra-Panchet  sandstone  of  the  Damuda 
area.  Upon  this  the  suggestion  is  made  that  the  Hengir  rocks  present  a  blending 
of  the  characteristics  of  two  groups,  which  in  Palamow  are  separated  by  a  distinct 
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interral.  Of  such  distinct  interral,  howeyer,  no  more  direct  stratigraphical 
evidence  is  found  in  Palamow  than  elsewhere,  beyond  the  original  fact  of  the 
intercalation  of  deposits  not  found  away  from  the  Damnda  area :  the  apparent 
sequence  of  the  upper  sandstone  (Mahadevas  of  Mr.  Ball's  report)  on  the  Bari- 
kars  here  being  at  least  as  regular  as  in  the  south-eastern  Qondw6na  regions ; 
so  that  the  expectation  to  find  lower  Oondw&na  fossils  in  this  rock  here  would 
still  be  justified.  Thus,  the  question  stands  pretty  much  as  before,  save  that  we 
know  exactly  where  this  change  of  petrological  characters  takes  place. 

It  had  been  surmised  that  this  change  would  coincide  with  the  limits  of  the 
Damuda  valley ;  but  Mr.  Ball  has  found  that  it  is  not  so.  A  barrier  of  gneiss, 
between  the  K&runpura  and  Aurunga  coal-basins,  divides  the  waters  of  the 
Damuda  and  the  Aurunga,  which  is  a  tributary  of  the  Koel ;  and  in  the  eastern 
part  of  the  Aurunga  field  the  Panchet  and  R4niganj  groups  are  about  as  well 
deyeloped  as  in  the  Kirunpura. field,  their  combined  thickness  being  about  1,700 
feet,  and  they  are  covered  by  the  upper  sandstone.  Notwithstanding  this  great 
development  in  thickness,  the  extension  of  these  two  lower  Gondwina  groups  is 
strangely  limited.  The  feature  under  notice  is,  indeed,  brought  within  a  compass 
of  two  miles  in  the  hills  south  of  Lateh&r,  at  the  west  end  of  which  the  upper 
(Mahddeva)  sandstone  rests  on  Bardkars,  and  at  the  east  end  on  Panchets.  Both 
the  north  and  south  boundaries  are  represented  as  faulted,  so  that  the  overlap 
cannot  be  followed  out ;  but  this  case  gives  at  least  the  assurance  that  the 
covering  sandstone,  so  differently  circumstanced  at  its  base,  is  one  and  the  same 
formation.  The  absence  of  fossils  in  these  sections  is  deplorable.  Without 
them  the  position  of  this  top  sandstone  in  the  general  series  must  remain  doubt- 
ful :  in  the  west  of  the  Aurunga  field  its  relation  to  the  coal-measures  is  precisely 
like  that  of  the  Kamthi  and  Hengir  rocks  to  the  similar  coal-measures  of  the 
Goddvari  and  Mahanadi  ^regions,  while  in  the  eastern  part  of  the  field  it  overlies 
beds  (Panchets),  which  in  turn  overlie  those  (B&niganj)  that  have  been  corre- 
lated with  the  K&mthis. 

The  gneissic  barrier  between  the  Aurunga  and  Kilrunpura  fields  being 
much  higher  relatively  to  the  former  than  to  the  latter,  Mr.  Ball  considers  that  the 
separation  is  due  to  disturbance,  by  a  sinking  of  the  Aurunga  basin ;  so  that  they 
m&j  still  be  virtually  considered  as  belonging  to  the  same  original  area,  and  the 
similarity  of  the  sections  be  attributed  to  some  peculiar  conditions  of  that  ground. 

In  the  Son  region,  shortly  to  the  west  of  Palamow,  the  upper  sandstone 
series  becomes  enormously  expanded ;  and  if,  as  seems  probable,  this  rock  in 
Palamow  represents  the  base  of  that  expanded  series,  which,  again,  in  its 
southern  extension  is  likely  to  be  identified  with  the  Kamthi  beds  of  Hengir, 
then  the  top  sandstone  of  the  Damuda  region  cannot  properly  be  classed  as 
upper  Gondwina  (Mahddeva),  or  identified  with  the  Dubr&jpur  group  of  the 
Bajmahal  region ;  nor  could  the  K&mthis  then  be  properly  correlated  with  the 
B^ganj  group,  unless  a  certain  correspondence  of  the  fossil  floras  at  distant 
localities  is  to  set  aside  local  superposition  in  the  Damuda  region,  represented 
elsewhere  by  the  most  clearly  and  most  widely  marked  stratigraphical  change  in 
the  whole  Gondw&na  series. 


■^x 


X 


\ 


PART  1.]  Annual  Report  for  1878.  7 

It  is  independently  a  most  puzzling  circumstance,  bow  snob  great  overlap, 
as  that  described  witbin  tbe  sedimentary  series  in  tbe  Anmnga  basin,  can  be . 
attended  by  so  little  evidence  of  unconformity  in  adjoining  gronnd.  Mr.  Ball's 
supposition  tbat  mucb  disturbance  and  denudation,  wbereby  tbe  cbain  of  coal- 
basins  of  tbe  Damuda  valley  were  defined,  and  wbereby  tbe  deposition  of  tbe 
upper  sandstone  was  limited  to  tbat  depreesion,  intervened  before  tbe  deposition 
of  tbe  upper  sandstone,  almost  increases  tbe  difficulties  of  tbe  case  in  tbe  absence 
of  any  evidence  for  sucb  unconformity  as  must  bave  attended  tbat  event. 

Tbe  most  distinct  case  of  apparent  disturbance-unconformity  observed  by 
Mr.  Ball  (I.  e.,  p.  87)  is  between  tbe  upper  sandstone  and  tbe  Pancbets,  not 
between  it  and  tbe  lower  coal-measures.  It  is  still  an  open  question  wbetber  tbe 
apparent  anomalies  of  tbese  sections  may  not  be  largely  traced  to  original 
(pre-Gondw&na)  conditions  of  tbe  surface. 

OodSvart  re^tof».<— From  tbe  foregoing  remarks  it  will  be  understood  tbat  tbe 
distinction  of  upper  and  lower  Oondwdna  rocks  in  tbe  Damuda  region  is  still 
presumptive,  based  principally  on  tbe  supposed  equivalence  of  tbe  top  sand- 
stone of  tbe  series  witb  tbe  undoubted  upper  Gondwina  sandstone  of  tbe 
detacbed  area  to  tbe  nortb-east,  in  tbe  Bijmabal  bills,  and  upon  occasional 
cases  of  overlap-unconformity  in  tbe  Damuda  coal-fields.  But  similar  uncon- 
formity and  great  irregularity  occurs  also  in  tbe  upper  groups  of  tbe  recognized 
lower  Gondw&nas  of  tbe  Damuda  region;  wbile  tbe  most  marked  litbological 
cbange  and  overlap-unconformity  in  tbe  midland  and  soutbem  Gondwina  regions 
is  found  witbin  tbe  lower  Gondwana  series,  between  tbe  coal-measures  and  tbe 
Eimtbi-Hengir  sandstones,  wbicb  in  tbis  direction  present  tbe  most  marked 
analogue  of  tbe  top  sandstone  of  Palamow. 

In  tbe  GodiLvari  region  tbe  fixing  of  tbis  middle  Gondw&na  borizon  bas 
been  for  some  time,  and  is  still,  a  great  puzzle.  On  tbe  lower  God^vari  it 
seemed  to  be  made  out  by  Mr.  King,  between  tbe  local  representatives  of  tbe 
yjtnflii  group  and  tbe  Golapilli  sandstones,  containing  a  B^jmab&l  fiora ;  and 
Mr.  King  tbougbt  be  identified  tbis  group  on  tbe  Prdnbita,  just  above  its  con- 
fluence witb  tbe  God&vari,  in  tbe  sandstone  of  Sironcba,  baving  found  Golapilli 
fossils  in  wbat  be  took  to  be  a  top  band  of  tbis  sandstone  at  Aniram,  near 
Kota,  not  far  below  tbe  well  known  Lepidot^u  limestone  of  tbat  place  (Bee. 
Q.  S.  I.,  Vol.  X,  p.  55). 

Working  from  tbe  nortb,  Mr.  Hugbes  found  no  upper  Gondwfina  rocks  in  tbe 
Wardba  coal-basin,  but  at  tbe  soutbem  edge  of  tbat  area,  on  tbe  lower  Wardba^ 
about  Porsa,  tbe  Elamtbis  are  overlaid  by  red  clays,  wbicb  are  identified  witb  tbe 
well  known  Ceratodua  clays  of  Maleri.  Tbis  formation  spreads  rapidly  to  tbe 
Boutb.  It  is  locally  covered  on  tbe  east  by  tbe  plateau-forming  conglomeratic 
sandstones  of  Cbikidla,  resting  against  Vindbyan  rocks ;  and  to  tbe  west  it 
extends  far  up  tbe  Jangaon  valley,  gradually  overlapping  tbe  K^tbi  strata^ 
so  as  to  rest  against  Yindbyans,  and  tben  passes  under  tbe  Deccan  trap.  Here, 
too,  plant  fossils  of  decided  upper  Gondwina  type  were  found,  so  tbat  on  tbis 
cross-section  tbe  wbole   Gondw&na  area,   50  miles  wide,  is  occupied  by  well 
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marked  upper  Oondw&na  strata.  South  of  tlie  Jaugaon  vallej  the  Kimthis 
emerge  again  in  force,  encroaching  upon  the  upper  rocks  up  to  Sironcha,  where 
the  latter  are  reduced  to  a  width  of  six  miles.  Mr.  Hughes  carried  his  lines  up 
to  the  Ood&vari  and  the  Prdnhita  at  Sironcha,  recognizing  no  group  between 
the  Kota-Maleris  and  the  Kamthis.  Here  he  encountered  Mr.  King's  Sironcha 
sandstone,  the  lithological  peculiarities  of  which  he  admits,  considering  it 
more  like  the  rocks  associated  with  the  Maleri  clays,  than  it  is  like  the  typical 
Kdmthis  (Rec.  G-.  S.  I.,  Vol.  XI,  p.  23).  If,  however,  this  rock,  as  mapped  by 
Mr.  King  up  to  the  God&vari  from  the  south,  is  to  be  taken  in  this  light,  or 
as  a  group  distinct  from  both  Maleris  and  Kdmthis,  or,  as  would  appear  on 
Mr.  Hughes'  map,  in  great  part  aa  a  peculiar  form  of  the  upper  K^this, 
a  part  of  the  ground  mapped  north  of  the  Godfivari  will  have  to  be  modified 
accordingly. 

Mr.  Eling's  observations  of  last  season  are  still  conflicting  as  to  which  of  these 
TiewB  may  prove  true.  He  finds  the  conglomeratic  sandstone  of  An&ram,  with 
which  the  upper  Gondw&na  fossils  occur,  to  be  local,  and  considers  it  more 
likely  to  be  a  local  deposit,  or  a  remnant  of  an  overlying  formation,  than  to  belong 
to  the  underlying  Sironcha  sandstone.  Again,  he  describes  regular  Sironcha 
sandstone  as  unconf ormably  overlaid  by  the  reptilian  clays  of  the  Agrezpali  outlier, 
on  the  God^yari,  16  miles  above  Sironcha.  Mr.  Hughes  thought  these  clays 
might  be  high  in  the  Kota-Maleri  group ;  but  Mr.  King  does  not  adopt  this  sug- 
gestiou,  and  considers  them  on  the  horizon  of  the  beds  at  Maleri.  Thus,  these  two 
observations  are  strongly  suggestive  of  the  Sironcha  being  lower  Gondwina,  either 
as  upper  Kdmthis,  or  as  an  independent  group. 

On  the  other  hand,  Mr.  King  is  in  favour  of  a  division  of  the  Kota-Maleri 
group,  as  he  finds  that  its  upper  portion  only,  at  and  above  the  horizon  of  the  Kota 
limestone,  is  represented  in  the  prolongation  of  that  formation  south-east  of  the 
Pr&nhita,  overlying,  if  not  faulted  against,  the  Sironcha  sandstone.  Such  an 
overlap  would  be  valid  ground  for  reviving  the  original  question  of  the  probably 
marked  separation  of  the  Leptdotvs  limestone  and  the  Geratodus  clays.  In  this 
connexion  Mr.  Hughes*  partial  identification  of  the  Sironcha  sandstone  with  that 
associated  with  the  Maleri  clay  (Rec.  G.  S.  I.,  Yol.  XI,  p.  23)  is  suggestive 
of  the  possibility  that  these  two  rocks  are  locally  representatives  of  each  other. 
In  this  case  the  views  given  in  the  preceding  paragraph  would  require  modifi- 
cation :  the  search  for  the  middle  Gondwdna  horizon  would  have  to  be  taken 
up  again,  even  in  the  Kota-Maleri  area ;  involving  the  reinvestigation  of  the 
horizon  of  the  plant  beds  in  the  Jangaon  valley,  as  to  whether  they  may  not  be 
in  the  upper  division  of  the  group,  as  is  indeed  suggested  by  the  probable 
identification  of  the  Chikidla  beds  at  Balanpur.  Mr.  King  hopes  to  be  able  to 
revise,  and  decide  upon,  these  crucial  points  during  the  present  season. 

Early  in  the  season  Dr.  Feistmantel  visited  the  S&tpura  coal-basin,  to  e:i^amine 
on  the  ground  some  good  sections  of  the  Gondwana  series,  the  flora  of  which  he 
has  been  studying  and  describing  so  carefully,  and  with  great  advantage  to  the 
Survey.  The  coal-measurts  of  those  fields  were  always  taken  to  represent 
Barikars,  the  lowest  of  the  Damuda  coal-measures ;  and  Dr.  Feistmantel  has  shown 
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that  they  beloBg  rather  to  that  still  lower  horizon  of  coal-bearing  strata^  represented 
hy  the  Karharb4ri  meaanres  in  Bengal. 

On  the  western  confines  of  the  Peninsula^  where  the  Gondw&nas  become 
associated  with  marine  strata,  Mr.  Fedden  broke  new  ground  in  Kattywar.  He 
was  detained  by  office  work  in  Calcutta,  in  classifying  some  of  the  collections  made 
by  him  in  previous  years,  and  arrang^g  them  in  the  new  Museum,  and  he  conse- 
quently did  not  take  the  field  till  the  end  of  1877.  In  the  early  months  of 
the  past  year  he  surveyed  a  portion  of  Kattywar,  amounting  to  about  1,800 
square  miles,  comprised  in  Topographical  Survey  sheets  21,  22,  23,  and 
portions  of  some  of  those  adjoining.  Mr.  Fedden  speaks  very  highly  of  the 
excellence  of  these  maps.  The  country  examined  is  for  the  most  part  flat,  and 
the  rocks  consist  of  Deccan  traps,  overlying  sandstone,  in  which  some  remains  of 
plants  were  found.  These  plants  prove  to  be  identical  with  those  occurring  in 
the  uppermost  Jurassic  or  Umia  beds  of  Gutch,  and  it  is  thus  clear  that  a  portion 
at  least  of  the  Cutch  Jurassic  series  extends  into  Northern  Kattywar. 

The  greater  part  of  the  area  examined  consists  of  Jurassic  sandstone,  the  hills 
being  of  trap ;  but  to  the  southward,  where  the  surface  is  more  hilly,  the  traps 
cover  the  country.  The  beds,  both  of  sandstone  and  trap,  are  nearly  horizontal. 
In  some  places  between  the  Jurassic  beds  and  the  traps  a  thin  band  of  limestone 
18  found,  which  contains  a  few  obscure  marine  organisms.  This  band  may  perhaps 
represent  the  B&gh  beds  of  the  Narbada  valley.  A  few  intertrappean  bands  are 
found,  and  some  outlying  patches  of  milliolite  were  noticed  resting  on  the  trap. 

In  Southern  India  Mr.  Foote  took  up  new  ground  to  the  south  of  Trichino- 
poly.  In  crossing  the  cretaceous  area  he  made  some  valuable  additions  to  our 
fossil  collections  from  those  formations.  He  also  re-examined  the  localities 
where  the  Utatdr  plant  beds  occur  at  the  base  of  the  series.  He  completely 
identifies  them  with  the  Jurassic  beds  containing  both  plants  and  marine  animal 
remains,  described  by  himself,  at  many  points  along  the  coastal  region  up  to  the 
Kistna.  From  the  entire  similarity  of  the  fossil  plants  and  their  mode  of  pre- 
servation to  those  of  the  deposits  elsewhere  in  which  marine  fossils  are  described 
in  the  same  beds,  Mr.  Foote  is  of  opinion  that  the  XJtatlir  plant  beds  also  are 
probably  marine;  in  support  of  which  view  he  mentions  his  inability  to  find 
stratigraphical  evidence  (more  than  overlap)  of  a  break  between  them  and  the 
overlying  middle  cretaceous  deposits,  thus  confirming  the  previous  observation 
of  others  upon  this  interesting  point.  Mr.  Foote's  notes  upon  these  features  are 
published  in  the  Records  for  the  year. 

The  country  south  of  Tanjore  has,  so  far,  proved  very  uninteresting ;  no  rock 
appearing  between  the  gneiss  and  the  coast  alluvium,  except  the  Cuddalore  sand- 
stone formationy  intimately  blended  with  the  covering  laterite. 

E^ra  Penmtidcur  area.'^In  the  extreme  North- Western  Punjab,  Mr.  Wynne 
made  a  preliminary  examination  of  some  new  ground  in  Hazira,  having  been 
prevented  by  difficulties  on  the  frontier  from  following  the  formations  of  the  Salt 
Bange  across  the  Indus  into  Bannu,  as  had  been  proposed.  Owing  to  the  excep- 
tionally wet  season,  and  illness  occasioned  thereby,  the  amount  and  details  of  the 
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work  are  not  what  Mr.  Wynne  expected  to  acoomplish ;  still  he  has  given  a  most 
TLsefnl  reconnoissance  of  the  gronnd :  the  limits  of  the  crystalline  rocks  forming 
the  higher  mountains  have  been  defined,  and  a  tentative  classification  and  distri- 
bntion  given  of  the  unaltered  sedimentary  series  to  the  south  of  the  gneissic  area. 
The  most  interesting  feature  of  the  observations  is  the  extension  to  the  older 
rock-series  of  the  contrast  which  has  been  known  to  exist  in  the  newer  forma- 
tions, between  the  Southern  Himalayan  area  and  the  country  to  the  west  of  the 
Jhelam.  In  Huzira  the  rocks  adjoining,  and  apparently  in  sequence  with,  the 
gneissic  rocks  are  a  great  thickness  of  sandstones,  quartzites,  and  dolomites, 
called  by  Mr.  Wynne  the  '  Tan61  series,'  presenting  little  or  no  correspondence 
with  the  strata  similarly  related  to  the  gneiss  of  the  Pir  Panjdl.  But  the  most 
anomalous  circumstance  is,  that  Mr.  Wynne  provisionally  identifies  the  Tan<51 
series  with  the  '  Infra  Trias '  group  of  the  section  in  Sirban  mountain  (west  of 
Abbottabad),  which  is  there  distinctly  in  unconformable  superposition  on  the 
Attock  slates  (see  Manual,  p.  499),  this  relation  not  being  so  clearly  defined 
at  the  junction  of  these  slates  with  the  main  area  of  Tandls,  west  of  Abbottabad. 
If  these  conjectures  are  confirmed,  it  would  seem  that  the  gneiss  of  Haz&ra  is  much 
newer  than  the  central  gneiss  of  the  Himalayas. 

The  severe  famine  in  Kashmir  interfered  much  with  Mr.  Lydekker's  work  in 
the  North-West  Himalayas.  This,  and  a  temporary  indisposition,  prevented  his 
carrying  out  his  projected  trip  to  the  Qilgit  region  ;  so  he  spent  the  season  in  the 
mountains  of  Ddb  and  Tilail,  where  he  has  described  some  important  sections  of 
the  sedimentary  rocks.  Mr.  Lydekker  insists  strongly  upon  the  transitional 
relations  of  the  whole  series  from  silurian  to  upper  triassic  (see  Manual,  p.  660). 

Colonel  McMahon  has  again  made  an  important  contribution  to  our  work  in 
the  Himalayan  regions— -this  time  in  the  Central  Himalayan  districts,  to  the  north 
of  the  Simla  region  of  the  lower  Himalayas.  His  observations  involve  a  recon- 
sideration of  some  views  provisionally  put  forward  in  the  Manual,  while  yielding 
confirmatory  evidence  upon  others. 

The  strongly  unconformable  relation  of  the  limestone  and  slate  series  of  the 
lower  Himalayas  to  the  central  gneiss,  presented  some  difficulty  as  compared  with 
the  pseudo-conformity  of  the  same  sedimentary  series  to  this  gneiss  on  the 
Tibetan  side  (Manual,  p.  679  (a)).  Colonel  McMahon  describes  this  northern 
junction  within  four  miles  of  the  intrusive  granitic  mass  of  Gongra,  between 
Lipe  and  the  Ruhang  Pass,  as  exhibiting  an  appearance  of  transitional  metamor- 
phism,  which  contrasts  with  the  more  abrupt  contact  at  the  Bhabeh  Pass  and  in 
Niti.  Such  local  action  does  not,  however,  disturb  the  inferences  based  upon  the 
other  sections.  On  the  other  hand,  he  observed  in  Hangrang,  east  of  the  lower  Spiti 
valley,  the  upx)er  (Muth)  beds  of  the  slate  series  to  be  in  original  superposition 
on  gneiss  at  the  base  of  the  Purguil  Mountain,  the  gneiss  being,  up  to  the  very 
contact,  profusely  cut  up  by  Iwrge  and  small  granite  veins  that  do  not  penetrate 
the  overlying  limestone  and  slates,  which  are  not  described  as  more  altered  than 
at  points  remote  from  the  crystalline  rock.  This  would  appear  to  fix  a  very 
definite  limit  as  to  the  age  of  these  granitic  veins ;  and  the  total  overlap  of  the 
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great  mass  of  the  slate  series  es^blishes  for  this  area  original  conditioxis  of  tuicon- 
foimity  with  the  central  gneiss,  like  those  already  exhibited  in  the  Simla  region. 
The  position  of  this  overlap,  8^;ainst  the  transverse  gneissic  mass  of  Pnrgxul, 
shows,  moreover,  that  this  barrier  between  the  Z&nskir  and  Hundes  basins  is  of 
vexy  old  standing,  though  it  nmj  not  always  (since  palsBOzoio  times)  have  been 
so  prominent  as  now. 

Another  important  observation  of  Colonel  McMahon's  is  his  reaffirmation  of 
Stolicska's  original  identification  of  the  Krol  limestone  with  the  Lilang  limestone 
of  Spiti.  This  decided  opinion,  based  upon  immediate  comparisons  of  the  sections 
in  those  adjoining  regions,  although  separated  by  the  g^reat  gneissie  axis, 
cannot  be  set  aside ;  it  is  at  least  as  valid  as  the  very  broken  chain  of  evidence 
upon  which  a  different  correlation  was  provisionally  adopted  in  the  Manual 
(pp.  595-6).  The  intimate  connexion  of  the  triassic  and  carboniferous  series, 
as  urged  by  Mr.  Lydekker,  will,  in  the  absence  of  fossils,  make  the  dose  decision 
of  this  question  a  matter  of  greater  difficulty. 

Mr.  Theobald  made  large  additions  during  last  season  to  our  collections  of  the 
Siwalik  &nna,  the  results  of  which  are  duly  recorded,  up  to  date,  in  Mr.  Lydekker*s 
papers  in  the  Records  and  the  Palasontologia  Indica.  Mr.  Theobald  is  now 
engaged  upon  the  tertiary  zone  east  of  the  Ganges  in  Bohilkhand^  at  the  base  of 
the  Himalayas  of  Garhw&l  and  Kumaun. 

Mr.  Mallet  was  deputed  in  December  to  report  upon  some  coal  seams  in  B&mri 
Island,  reported  by  the  Commissioner  of  Akyab.  Mr.  Mallet  could  not  form  a 
favourable  opinion  of  the  practical  value  of  these  measures ;  the  coal  is  inferior  to 
that  of  Bengal,  and  the  measures  are  greatly  disturbed,  and  would  be  very  difficult 
to  work.  Specimens  of  a  vexy  different  coal,  a  bright  jetty  lignite,  were  forwarded 
by  the  Conmiissioner  from  the  Bardnga  Islands.  The  site  of  this  coal  has  not 
yet  been  discovered;  but  the  fact  that  the  piece  sent  is  distinctly  a  piece  of 
carbonized  wood,  suggests  the  probability  that  it  occurs  in  isolated  logs,  and  not 
as  a  continuous  seam.  The  petroleum  of  this  region  seems,  so  far,  to  offer  more 
favourable  prospects  than  the  coaL 

My  own  time  was  fuDy  engaged  throughout  the  greater  part  of  the  year  in 
directing  the  work  of  the  Survey,  and  in  editing  the  publications,  including  the 
Manual.  Without  a  fully  quaHfied  Assistant  permanently  at  head-quarters  to 
relieve  me  of  some  of  these  very  important  and  responsible  duties,  it  is  most  diffi- 
cmlt  for  me  to  undertake  effectively  the  more  congenial  occupation  of  examining 
crucial  questions  in  the  field.  The  cumbersome  arrangements  for  camp  life,  and 
the  slowness  of  moving  about  in  this  way,  prevent  any  compensating  resulls  being 
obtained  within  much  less  time  than  a  full  season  in  the  field.  At  the  same 
time  I  feel  that  my  long  experience  in  field  work  is  not  used  for  the  best  advant- 
age of  the  Survey  unless  as  partially  applied  in  that  way. 

In  February  I  made  a  short  trip  to  the  North-West  Provinces,  to  serve  on 
the  Committee  appointed  for  investigating  into  the  causes  of  deterioration  of 
land  by  reh  in  the  Aligarh  district.  I  had  many  years  ago  made  some  partial 
observations  on  this  subject ;  and  I  have  been  again  strongly  impressed  with  the 
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extensive  injury  to  cultivation  to  be  apprehended  from  reli  in  oonnezion  with 
canal  irrigation  in  the  exoessiye  climate  of  North- Western  India.  Mj  notes  on 
the  subject  were  submitted  to  the  Committee,  and  published  in  its  report. 

I  took  the  opportunity  while  in  the  neighbourhood  to  investigate  two 
recent  cases  of  supposed  discoyeiy  of  coal:  one  in  the  Siwaliks  of  Dehra^ 
reported  by  the  Railway  Department^  and  one  in  the  same  rocks  of  N&han,  to  which 
my  attention  had  been  called  by  the  Punjab  Gk)yemm6nt.  From  my  pretty 
accurate  acquaintance  with  this  ground,  I  was  fully  satisfied  that  the  reports  were 
fallacious ;  but  in  regard  to  the  importance  of  the  subject,  and  to  the  general 
want  of  confidence  in  independent  geological  judgment^  I  visited  both  localities. 
The  result  was  what  I  expected :  it  would  have  been  impossible  to  extract  one 
hundred-weight  of  coal  from  all  that  was  left  of  the  supposed  "  seams."  The 
repeated  revival  of  these  oft  exploded  disooveriea  is  one  of  the  chronic  evils  of 
the  perpetual  change  of  staff  in  every  office  throughout  India. 

Pvhlicatwns.'^Two  principal  Memoirs,  expected  to  be  issued  within  the  year, 
have  been  unavoidably  kept  back.  As  explained  in  last  year's  report^  the  letter 
press  and  plates  of  Mr.  Wynne's  report  on  the  Salt  Range,  forming  Yol.  XIY  of 
the  Memoirs,  were  then  ready  for  issue,  waiting  for  the  colour-printing  of  the 
map.  This  has  not  yet  been  received.  Fully  coloured  proo&  have  recently  been 
passed  for  press,  and  the  issue  of  the  report  cannot  now  be  much  delayed.  The 
postponement  of  Mr.  Blanford's  Memoir  on  Sind  has  been  already  explained. 
Mr.  Foote's  Memoir  on  the  Nellore  District  is  in  hand  for  publication.  Thus 
the  only  number  of  the  Memoirs  actually  issued  during  the  year  was  Part  1 
of  Vol.  XY,  containing  Mr.  Ball's  report  (with  three  maps)  on  the  Palamow 
coal-fields,  of  which  a  notice  has  already  been  given.  By  orders  of  Government^ 
the  price  of  these  volumes  has  been  considerably  reduced. 

Thb  Records  for  1878  are,  by  way  of  compensation,  much  more  full  of 

matter  than  usual,  extending  to  three  times  the  size  originally  contemplated,' 
and  containing  numerous  outline-maps. 

Of  the  Paljiontologia  Indica  two  large  parts  were  issued  during  the  year : 
one  by  Dr.  Feistmantel  on  the  flora  of  the  Jabalpur  group,  containing  14  plates, 
and  one  by  Mr.  Lydekker  on  the  crania  of  fossil  Rmninants,  containing  18  plates. 
Two  other  parts  by  the  same  authors  are  now  in  the  press.  A  revision  of  the 
somewhat  confused  classification  of  these  publications  has  been  made,  for  pub- 
lication on  the  covers,  from  this  date.    The  price  has  also  been  reduced. 

Mweitm.'^So  far  as  compatible  with  other  current  work,  good  progress  has 
been  made  in  the  arrangement  and  labelling  of  the  collections  in  the  new 
cases  by  Dr.  Feistmantel  and  Mr.  Lydekker  in  the  paJsBontological  galleries,  and 
by  Mr.  Mallet  in  the  mineral  gallery.  The  frequent  calls  on  Mr.  Mallet  for 
occasional  assays  and  analyses,  form  a  serious  but  unavoidable  interruption  to 
the  systematic  examination  he  is  making  of  the  mineral  products  of  India,  so  &r 
as  represented  in  our  collections. 

Library. — ^During  the  past  year  950  volumes,  or  parts  of  volumes,  have 
been  added  to  the  library:  462  by  purchase,  and  488  by  presentation  or  in 
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excliaiige.     The  new  fittings  in  the  library  were  completed  within^the  year,  so 
it  will  now  be  possible  to  complete  the  thorough  arrangement  of  the  books. 

Personnel. — Mr.  Hughes  was  absent  on  furlough  for  the  whole  year.  Mr. 
Ball  left  on  two  years'  furlough  on  the  1st  of  July.  Mr.  Lydekker  was  absent 
on  priYilege  leave  from  9th  February  to  8th  of  May;  Dr.  Feistmantel,  from 
21st  of  March  to  20th  of  June ;  Mr.  Mallet,  from  2nd  July  to  19th  of  October ; 
and  Mr.  Eling,  from  27th  July  to  21st  October. 

I  regret  to  hare  to  record  the  death,  on  the  23rd  March,  of  Mr.  Walter 
Lindsay  Willson,  who  joined  the  service  in  March  1857.  He  had  then  been 
for  some  years  senior  geologist  on  the  Geological  Survey  of  Ireland ;  and  the 
training  he  had  there  received  was  very  marked  in  the  finished  neatness  of  his 
field-maps  in  India. 

Mr.  Carl  Ludolf  Griesbach,  f.o.s.,  was  appointed  by  the  Secretary  of  State 
in  the  room  of  Mr.  Willson,  and  joined  his  post  on  the  11th  November.  Mr. 
Oriesbach's  acquaintance  with  the  Karoo  formation  of  South  Africa  wiU  be  of 
service  in  elucidating  the  supposed  correspondence  of  those  strata  with  the 
Gondw^ma  series  of  India.  He  has  accordingly  been  deputed  to  take  up  work 
for  the  present  on  these  rocks  in  the  Sone  region,  in  continuation  of  Mr.  Ball's 
survey  of  Palamow. 

Apprentice  Eoshen  Singh  was  on  duty  till  November  with  Mr.  Theobald, 
who  reports  favourably  of  his  intelligence,  zeal,  and  good  conduct.  Apprentice 
Hira  Lai  was  on  duty  at  head-quarters,  where  he  performed  useful  service  in 
il^e  Museum  under  Mr.  Mallet  and  Dr.  Feistmantel.  He  was  sent  to  the  field 
with  Mr.  Griesbach  in  November,  when  Kishen  Singh  was  recalled  to  take  up 
the  duties  in  the  Museum. 

H.  B.  MEDLICOTT, 
CaIiCUTTA,        1  Svjpdt,  of  ihe  Geological  Survey  of  India. 

January  1879.     J 


IM  of  Sodeties  and  other  InsUtutione  from  which  PubUeations  have  been  received 
«f»  donoHon  or  eaochange  for  the  Library  of  the  Geological  Survey  of  India 
during  the  year  1878. 

AxsTBBOAM.— Royal  Society  of  Batavia. 

BsLPAST. — Natural  History  and  Philosophical  Society. 
BxBLiH.-^Cterman  Geological  Society. 

„         Boyal  Prussian  Academy  of  Sciences. 
BoMBAT. — ^Bombay  Branch  Boyal  Asiatic  Society. 
BosTOH. — ^American  Academy  of  Arts  and  Sciences. 

„  Boston  Society  of  Natural  History, 

BBBSLAU.^Silesian  Society  of  Natural  Histoxy. 
BaiSTOL. — Bristol  Museum. 
„  Naturalists*  Society. 
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Brussels. — (Geological  Society  of  BelgioiiL 
„  Belgium  Geographical  Society. 

Budapest. — National  Mnsenm. 
Calcutta. — ^Asiatic  Society  of  BengaL 

,y  Agricaltaral  and  Horticnltoral  Society. 

„  Meteorological  Surrey. 

Cambbidoi  (Mass). — ^Mnsenm  of  Comparative  Zoology. 
Caps  Town.-— Department  of  Crown  Lands. 

ClKCiNNATi. — Zoological  Society. 
Copenhagen.— Royal  Danish  Academy. 
Davenport.— Academy  of  Natural  Sciences. 
Dijon. — Academy  of  Sciences. 
Dresden. — The  Isis  Society. 

„  Kais.  LeopoL-Carol.  Dents.  Akademie. 

Dublin. — Boyal  Geological  Society  of  Ireland. 
Edinburgh. — Boyal  Society. 

Geneva.—  Physical  and  Natural  Histoiy  Society. 
Glasgow. — Glasgow  University. 
G^ttinobn. — The  Gottingen  Society. 
Lausanne. — ^Yaudois  Society  of  Natural  Science. 
Liverpool.— Geological  Society  of  Liverpool. 
„  Literary  and  Philosophical  Society. 

London. — British  Museum. 

„         Geological  Society  of  London, 
y,         Linnean  Society  of  London, 
y,         Boyal  (Geological  Society  of  London. 
,,  Boyal  Institution  of  Great  Britain. 

,,         Boyal  Society  of  London. 
yy         Zoological  Society  of  London. 
Madrid. — Geographical  Society  of  Madrid. 
Melbourne.— Mining  Department^  Yictoria. 
„  Boyal  Society  of  Victoria. 

„  Geological  Survey  of  Victoria. 

Minnesota. — Geological  Survey  of  Minnesota. 
,y  Academy  of  Natural  Sciences. 

Moscow. — Imperial  Society  of  Naturalists. 
Munich. — ^Boyal  Bavarian  Academy  of  Sciences. 
New  Haven. — Editors  of  the  American  Journal  of  Science. 
Paris. — Geological  Society  of  France. 
„         Mining  Department. 
Penzance. ^-Boyal  Geological  Society  of  Cornwall. 
Philadelphu.— -Academy  of  Natural  Sciences. 
,,  American  Philosophical  Society. 

Franklin  Institute. 
Pisa. — Society  of  Natural  Science,  Tuscany, 
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PLTVOUTH.-^DeyonsIiire  Association. 

BoME. — Gheological  Commission  of  Italy. 
„         Bojal  Academy. 
BooRKBB.— Thomaaon  College  of  Civil  Engineering. 
Salem.  Mass. — ^American  Association  for  the  Advancement  of  Science. 
}»  Essex  Institute. 

Stockholm. — Hoyal  Academy  of  Science. 
St.  Petsbsbusg. — Imperial  Academy  of  Sciences. 

Stdkbt. — Boyal  Socieiy  of  New  South  Wales. 
Tasmanu. — ^Eoyal  Society. 

TuEiN. — Boyal  Academy  of  Sciences. 
Vienna. — ^ImperiaJ  Academy  of  Sciences. 
„  Imperial  Geological  Institute. 

Washington. — Department  of  Agriculture,  U.  S.  A. 
,,  Smithsonian  Institute. 

yy  U.  S.  Geological  Exploration  of  the  4iOth  Parallel. 

„  U.  S.  Geological  and  Geographical  Surrey. 

Wellington.— Geological  Survey  of  New  Zealand. 
n  New  Zealand  Institute. 

Yokohama. — German  Naturalists'  Socieiy. 
YoBK. — ^Yorkshire  Philosophical  Socieiy. 

Oovemments  of  Madras,  Bengal,  and  the  Punjab';  Chief  Commissioners  of 
Central  Provinces  and  Mysore ;  Superintendents  of  Great  Trigonometrical  and 
Marine  Surveys;  Foreign,  Home,  and  Bevenue,  Agricidtnre  and  Commerce 
Departments. 


Gbologt  of  KasbmIb  (3n2  notice),  by  B.  Ltdekkeb,  B.A.,  OeoJogical  Survetf 

of  India^ 

WUh  a  Map. 

Inteoduction. 

Partly  owing  to  the  famine-stricken  condition  of  the  countxy,  and  partly 
owing  to  personal  disabilities,  my  geological  work  during  the  past  summer  in  the 
Kashmir  Himalaya  has  been  of  but  very  limited  extent,  and  only  a  comparatively 
small  area  of  country  has  in  consequence  been  surveyed.  The  work  which  I  have 
accomplished  is  noticed  in  the  present  paper  which  treats  chiefly  of  the  geology 
of  the  Tilail  and  Drds  districts,  and  also  of  a  few  places  in  the  valley  of  Kashmir 
which  had  not  been  previously  surveyed.  This  paper  must  be  read  in  conjunc- 
tion with  my  two  previous  papers  on  Himalayan  geology,  entitled  **  Geology  of 
the  Pir  Panjal,"  and  "  Geology  of  Kashmir,  Kishtwir,  and  Pangi." '  I  shall 
frequently  refer  to  the  latter  as  **  my  last  paper." 

>  Bcc.  GeoL  Sunr.  India,  Vol.  IX,  p.  155,  XI,  p.  30. 
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I. — ^Vallet  of  ths  Jhxlim  ahd  KashmIb. 

I  liave  first  to  correct  the  map  published  in  the  "  Geology  of  the  Pir  Panjal'' 
in  a  vezy  important  point.  In  that  map  the  beds  at  the  Mozafibr&Ud  bend  of 
the  Jhelam,  north  of  the  Mari  (Mnrree)  group,  are  classified  as  belonging  to  the 
Subdthu  group.  These  beds  consist  of  limestones  mingled  with  a  few  slaty 
shales,  and  very  strongly  resemble  the  rocks  of  the  latter  group.  At  my  first  yisit 
I  found  afewnummulites  near  the  junction  of  the  red  clays  and  limestones,  and  I 
thought  that  they  must  have  been  deriyed  from  the  latter.  Last  spring,  however, 
I  again  crossed  the  riyer  at  MozafiEar&b&d,  and  after  making  a  yery  careful  exami- 
nation of  the  limestone  group,  I  came  to  the  conclusion  that  this  did  not  contain 
nummulites,  but  that  those  which  I  found  on  my  previous  visit  must  have  been 
deriyed  from  the  red  clay  series. 

The  limestones  and  slates  of  MozafiEar&b^  agree  very  closely  in  general 
mineralogical  characters  with  the  TJii  limestones  described  in  my  paper  on  the 
Pir  Panj^  and  I  haye  therefore  come  to  the  conclusion  that  the  two  must  be 
referred  to  the  same  horizon.  It  is  not  possible,  howeyer,  to  trace  the  two 
continuously  together,  as  to  the  south-east  of  MozafEar&bid  the  slates  of  the 
K&j-Nig  come  into  contact  with  the  red  rocks  of  the  Man  group. 

Slates  similar  in  character  to  those  of  the  KAj-Nig  range,  associated  with 
newer  rocks,  occur  in  the  Haz^ura  district  to  the  south  of  Moza&r&bikl,  which  are 
now  in  course  of  examination  by  Mr.  Wynne.  It  seems  therefore  probable  that 
the  limestones  of  Uri  and  the  slates  of  the  K£j-N%  sweep  round  the  angle  of  the 
Mari  rocks  at  Mozafi&ur&b4d,  and  are  continuous  with  similar  rocks  forming  the 
ranges  of  the  Haz&ra  district,  which  haye  a  north-easterly  in  place  of  the 
normal  north-westerly  Himalayan  strike. 

In  the  aboye  referred  to  map  other  Sub&thu  rocks  are  represented  to  the 
west  of  Dewal ;  these  are  on  the  aixike  of  the  Mozaffardb^  limestones,  and  it  is 
not  improbable  that  they  also  belong  to  the  same  horizon.  It  must,  howeyer,  be 
borne  in  mind,  that  further  south  to  the  west  of  Pindi  on  the  same  strike,  dis- 
tinctly nummulitic  limestones  occur,  and  as  there  is  great  confusion  of  the  rocks 
in  many  parts  of  this  line,  the  position  of  those  to  the  west  of  Dewal  must  for  the 
present  remain  unsettled. 

In  my  last  map^  the  rocks  on  the  left  bank  of  the  lower  part  of  the  Sind  yalley 
were  left  uncolored ;  an  examination  of  these  rocks  shows  that  they  consist  entirely 
of  the  slates  and  sandstones  of  the  Panj&l  series,  haying  a  north-easterly  dip  at  the 
Dal  Lake.  The  rocks  up  the  Tr&l  valley,  between  Srinagar  and  the  Lidar  yalley, 
were  similarly  left  uncolored  in  the  same  map.  These  rocks  I  now  find  consist  en- 
tirely of  slates  and  sandstones,  mingled  here  and  there  with  the  Pir  Panjdl  amyg- 
daloids ;  they  must  doubtless  all  be  referred  to  the  Pan j  61  series.  These  same 
rocks  I  haye  traced  northwards  to  the  section  which  I  took  last  year  between  the 
Lidar  and  Sind  valleys,  and  it  is  therefore  apparent  that  the  whole  of  the  rocks 

>  Geology  of  Kasbmfr,  Eishtwir,  and  Fkngi. 
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north  of  the  ellipse  of  carboniferous  limestone  which  occurs  near  Srinagar  must 
be  referred  to  the  Fanj^l  series. 

On  the  opposite  side  of  the  TaUey  of  Kashmir,  at  Glilmarg,  I  have  carried  a 
section  up  to  the  central  core  of  gneiss,  which  here  occupies  the  highest  point  of 
the  range,  and  is  continuous  with  the  gneiss  shewn  in  mj  last  map  to  the  south- 
east of  the  Jhelam  valley.  The  gneiss  above  Ghilmarg  has  the  same  relation  to 
the  slates  and  sandstones  as  has  the  corresponding  gneiss  of  the  Pir  PanjAl  pass 
to  the  same  series.  This  relation  and  the  inferences  draym  from  it  will  be  found 
in  mj  last  paper. 

II. — Bind  and  Tilail  Vallbts. 

The  greater  part  of  the  Sind  vallej  section  has  already  been  described  in  my 
last  paper.  During  the  past  summer,  however,  I  had  occasion  to  re-traverse 
this  line,  and  some  further  remarks  on  the  section  which  occurred  to  me  during 
this  second  visit  have  been  added  in  the  present  paper.  My  great  object  in  this 
journey  was  to  trace  the  limestone  series  of  Sonamarg  and  Ammith  ( Ambamdth) 
to  the  north-west,  and  I  shall  describe  below  the  sections  as  they  were  met  with 
on  my  route  :  it  may  be  well  in  the  first  place  to  mention  the  route  I  took. 

Starting  from  the  valley  of  Kashmir,  I  travelled  by  the  Ladak  road  as  far  as 
the  town  of  Dr^ ;  from  thence  I  turned  off  to  the  westward,  crossing  the  pass 
into  the  Tilail  valley ;  I  then  followed  the  Kishenganga^  river  as  far  as  Qurais, 
making  several  detours  to  the  northward.  From  Gruraia  I  returned  to  the  village 
of  Bodagrdm  in  Tilail,  and  from  thence  struck  across  the  hills  in  a  south-easterly 
direction  vid  the  Lahani  and  Oadasir  valleys  to  Sonamarg  in  the  Sind  valley. 
A  separate  trip  from  Kashmir  to  Gnrais  along  the  Astor  road  enabled  me  to 
connect  the  north-westerly  extremity  of  the  Tilail  section  with  the  previously 
known  rocks  of  the  valley  of  Kashmir. 

At  page  47  of  my  last  paper  I  referred  to  a  mass  of  gneiss  mingled  with  a 
few  bands  of  limestone  which  occurs  in  the  lower  part  of  the  Sind  valley,  south 
of  the  village  of  Wangat.  I  then  suggested  the  possibility  of  this  gneiss  being 
newer  than  the  slate  series.  A  further  examination  of  these  rocks  has,  however, 
led  me  to  come  to  the  conclusion  that  the  gneiss  series  really  underlies  the  slate 
and  amygdaloidal  series,  and  that  the  former  must  consequently  correspond  in 
position  with  the  gneiss  of  the  Pir  Panj&l.  The  peculiarity  of  the  Sind  valley 
gneiss  is,  that  it  contains  some  beds  of  unaltered  blue  limestone  and  others  of 
white  crystallised  limestone;  the  occurrence  of  this  limestone  with  the  gneiss 
cannot,  however,  of  itself,  I  think,  be  regarded  as  of  any  importance  as  regards 
the  age  of  the  rock.  Very  similar  limestones  occur  in  the  gneiss  of  the  Bhiitna 
river  in  Pangi,  which  were  noticed  in  my  last  paper. 

Above  this  mass  of  g^iss  I  have  no  additional  remarks  to  make  on  the  Sind 
valley  section^  until  w^  come  to  the  great  limestone  series  of  Sonamarg.     In  relsr 

'  Tbe  name  of  tbe  Kisbenganga  river  does  not  appear  on  the  map.  It  should  he  applied  to  the 
river  which  rises  in  Tilail  above  Gujrond  (Qoojrond),  and  from  thence  flows  to  Gnrais. 
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tion  to  this  seriee  I  must  observe  that  in  my  last  published  map,  the  boundaiy  lines 
of  this  formation  on  the  Drds  side  of  the  Zoji  pass  were  taken  from  unpublished 
notes  left  by  the  late  Dr.  Stoliczka ;  a. traverse  of  this  route  by  myself  has  shown 
me  that  some  error  had  crept  into  the  map  as  to  the  position  of  the  north-eastern 
boundary  of  the  Zoji-la  slates  which  was  put  much  too  near  the  pass ;  this 
error  was  most  probably  due  to  some  misinterpretation  of  the  notes  left  by 
Dr.  Stoliczka. 

As  I  had  not  proceeded  beyond  Sonamarg  when  I  wrote  my  last  paper,  I 
shall  take  up  the  section  from  that  place;  the  preceding  descriptions  of  this 
section  will  be  found  at  page  46  of  my  last  paper  of  which  this  must  be  taken 
as  the  sequel. 

An  anticlinal  axis  traverses  the  Sonamarg  limestone  series  in  a  north* 
westerly  and  south-easterly  direction  near  the  village  of  Thijwaz ;  this  axis,  as  is 
noticed  by  Dr.  Stoliczka,^  is  continued  from  thence  along  the  course  of  the  Sind 
river  as  ia,T  as  the  halting  place  of  Bdltal,  at  which  point  it  bends  round  abruptly  to 
the  southward.  As  we  ascend  the  Sind  valley  from  Sonamarg,  we  find  higher 
and  higher  beds  forming  the  exposed  base  of  the  anticlinal,  till  at  Biltal  the 
rocks  consist  in  great  part  of  white  dolomitic  limestones  like  those  of  Ammdth 
cave,  described  in  my  last  paper.  A  great  portion  of  the  lower  white  dolomitic 
rocks  of  the  latter  place  are  replaced  in  the  Sind  valley  by  blue  banded  limestones 
intermingled  with  slates. 

Immediately  above  Bdltal,  the  limestones,  with  a  north-easterly  dip,  are 
succeeded  by  the  slates  of  the  Zoji-la,  with  the  same  dip:  these  slates  soon 
become  nearly  vertical;  they  are  often  columnar  or  bacillar  in  structure,  and 
contain  bands  of  limestone ;  immediately  north  of  the  Zoji  pass,  we  find  a  band 
of  this  intercalated  limestone  some  fifty  feet  in  thickness;  this  limestone  is 
underlaid  by  slates,  and  again  appears  further  down  across  an  anticlinal  flexure 
in  the  same  slates.  Alternations  of  slates,  micaceous  sandstones,  and  quartzites, 
with  occasional  bands  of  limestone,  continue  along  the  Dr^  road,  till  we  get 
within  half  a  mile  of  Mataian :  these  rocks  in  many  places  are  greatly  disturbed 
by  contortion. 

Above  Mataian  we  come  upon  blue  limestones  underlying  the  slates ;  the 
former  are  again  underlaid  by  white  dolomitic  limestones  like  those  of  Ammdth ; 
these  limestones  indeed  bend  round  to  the  east  of  the  Glmbar  (Qoomber)  stream 
to  meet  those  of  the  latter  place. 

We  have  already  seen  that  the  triassic  limestones  and  dolomites  of  Sonamarg, 
according  to  my  view,  underlie  the  slates  at  BdltaJ  and  Mataian,  in  which .  respect 
the  sequence  here  exactly  agrees  with  that  which  I  have  shown  in  my  last  paper* 
to  occur  more  to  the  eastward  at  Panjtami.  Further,  we  have  seen  that  a  dis« 
tinct  anticlinal  flexure  traverses  the  limestone  series  at  Biltal,  which  disproves  the 

■  Scientifio  rcsulU  of  Tarkand  ^iissioii— Geology,  p.  12. 
'  Page  46, 
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alleged  superpositioii  of  the  triassic  limestones  on  the  Zoji-la  slates.^  Across  the 
Zoji-la  x)a8S,  howeyer,  owing  to  the  great  amount  of  contortion  which  the  rocks 
have  undergone,  the  seqnence  cannot  be  clearly  traced,  though  I  incline  to  think 
that  tiie  whole  of  the  rocks  between  Biltal  and  Mataian  are  newer  than  the 
triassic  limestone  series.  Beyond  the  Zoji  pass,  howeyer,  there  occur  on  the 
road  a  few  blocks  of  a  gneissoid  rock  coming  from  the  eastward,  which  may 
show  that  certain  older  rocks  are  thrown  np  by  faults  within  the  presumed  triassic 
area.  I  have  no  positive  proof,  however,  that  such  is  the  case,  and  I  do  not  there- 
fore desire  to  lay  any  great  stress  one  way  or  the  other  upon  the  presence  of 
a  few  gneissoid  rocks  within  this  area. 

At  Mataian  there  is  a  small  fold  in  the  white  dolomitic  limestones,  and  below 
this  the  same  rocks  continue  with  a  southerly  or  south-westerly  dip  to  the  great 
bend    in  the  O^mbar  river.     At  this  bend  the  triassic  series  is  faulted  against 
another  great  rock  series,  which  has  a  northerly  dip  ;  for  a  short  distance  below 
this  bend  the  river  runs  along  a  faulted  anticlinal  axis,  while  further  down  the 
dolomitic  series  is  continued  to  the  eastward  a  little  to  the  south  of  the  river :  the 
dolomitic  rocks  have  in  this  direction  been  traced  a  little  to  the  eastward  of  Drds. 
The  rocks^  to  the  north  of  this  fault  have  a  general  blackish  color  when  seen  from 
a  short  distance,  which  contrasts  most  strongly  with  the  white  colored  dolomites 
to  the  south.     These  slaty  rocks  to  the  north  and  east  of  Drds  are  abmptiy  cut  ofE 
by  a  great  mass  of  crystalline  rocks.     These  crystalline  rocks  are  mentioned  by 
Dr.  Stoliczka  in  his  ^'  Geological  Observations  in  Western  Tibet  "under  the  name 
of  syenite,  and  are  traced  down  the  Sum  river.     In  the  latter  area,  according  to 
Dr.  Stoliczka,  this  rock  contains  large  crystals  of  hornblende  and  diallage,  with 
occasional  nests  of  epidote  and  serpentine,  together  with  grey  quartz,  and  albite, 
and   occasionally  orthoclase.     A  rock  of  this  composition  is  of  course  rightly 
named  syenite :  at  Dr^,  however,  the  composition  of  the  rock  appears  to  have 
changed ;  in  hand  specimens,  which  I  collected,  its  constituents  are  quartz,  brown 
nniaTJa]  mica,  and  one  or  two  kinds  of  felspar,  and  apparently  no  hornblende. 
The  Dr^  rock,  therefore,  seems  to  be  a  true  granite,  and  the  same  composition 
prevails  in  these  rocks  as  we  proceed  to  the  east. 

A  portion  of  the  slaty  rocks  of  Dr&s  was  considered  by   Dr.  Stoliczka   (sup. 
cit.,  p.  349)  to  be  of  silurian  age,  while  another  portion  was  considered  to  be  of 

'  There  appears  to  be  some  oonfosion  in  Dr.  Stoliezka's  account  of  this  section.  At  page  849 
of  his  *  Geological  Observations  in  Western  Tibet,"  he  observes,  "  these  rocks  (Zoji-la  slates) 
are  overlaid — neglecting  intermptions— by  limestones  and  carbonaceoos  sltftes,"  making  no  men- 
tion of  the  anticlinal  in  the  limestones.  At  page  12  of  the  Geology  of  the  Yarkand  Mission, 
he  observes  that  the  limestones  near  Sonamarg  have  '  a  northerly  dip  on  the  right  bank  of  the 
▼alley,'  and  immediately  afterwards  he  says,  that  some  four  miles  to  the  east  on  the  same  strike 
these  limestones  which  dip  towards  the  slates  are  underlaid  by  the  slates,  which  is,  so  far,  contra. 
^ctoxy.  In  my  last  paper  on  Kashmir  geology  (p.  45),  I  assumed  from  Dr.  Stoliezka's  first  account 
that  there  must  be  inversion.  Now  that  I  have  visited  the  spot,  however,  it  appears  to  be  a 
regular  sequence,  though  somewhat  contorted,  but  a  sequence  which  agrees  exactiy  with  the  less 
disturbed  one  at  Fanjtami. 

*  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  847. 
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cjarboniferons  age ;  no  fossils  were,  however,  discovered.  We  shall  snbeeqneiitly 
see  that  these  Drds  slates  are  the  equivalents  of  the  Pfr  Panj41  rocks  of  Kashmir, 
and  therefore  appear  to  he  the  equivalents  mainly  of  the  silnrians,  though  there  is 
no  reason  why  some  of  their  higher  heds  should  not  be  carboniferous.  The  same 
rocks  may  be  traced  in  a  south-easterly  direction  to  Kurtse,  where  they  overlie 
the  gneiss  of  Sum. 

Near  the  town  of  Bris  itself  the  slate  series  has  generally  a  very  massive 
character,  showing  at  a  short  distance  but  very  indistinct  signs  of  stratification ; 
the  rocks  consist  mainly  of  brown  or  purple  sandstones,  and  black,  brown,  green, 
and  brick-red  slates  and  shales.  To  the  westward  of  Dris,  the  same  rock-series 
is  continued  up  the  Muski  stream,  with  a  generally  northerly  dip ;  a  little  to  the 
south  of  the  same  stream,  we  may  trace  the  bold  line  of  cliffs  of  the  triassic 
dolomites,  which  have  a  generally  westerly  trend,  and  the  same  southerly  dip 
which  we  observed  at  Dr&s.  Westward  of  Dd»  many  of  the  rocks  in  the  slate 
series  consist  of  light  colored  ribband- jasper,  and  there  are  also  numerous  beds 
of  conglomerate  intercalated  with  the  slates.  The  pebbles  in  this  conglomerate 
are  sometimes  water-worn  and  sometimes  angular,  and  do  not  generally  exceed 
four  inches  in  their  longest  diameter;  they  consist  of  quartzites,  grits,  and  slates, 
some  of  the  two  latter  of  which  are  very  similar  in  character  to  the  main  rock. 
The  occurrence  of  pebbles  in  these  rocks  similar  to  the  matrix,  may  perhaps  be 
explained  in  the  manner  in  which  Sir  Charles  Lyell  explains  a  similar  feature 
in  the  Stonesfield  slate  of  England  -}  he  there  suggests  that  the  pebbles  in  the 
conglomerate,  which  resemble  the  main  rock,  may  be  portions  of  the  same  deposit 
which  have  been  broken  up  in  shallows  and  re-deposited.  The  rocks  may, 
however,  have  been  altered  before  the  formation  of  this  conglomerate. 

About  twelve  miles  above  Dris  on  the  Muski  river,  a  few  thin  bands  of 
limestone  occur  in  the  slate  series ;  nearer  the  pass,  at  the  head  of  the  river,  black 
slates  and  conglomerates  are  the  prevalent  rocks. 

As  we  approach  the  pass  sex>arating  the  Drds  and  Kishenganga  valleys,  blue 
limestones  begin  gradually  to  appear  at  the  top  of  the  slate  series  (which  has 
a  southerly  dip),  till  finally  at  the  pass  itself  these  blue  limestones  form  the 
trreB/beT  portion  of  the  higher  part  of  the  series ;  still  further  to  the  south  these 
blue  limestones  are  overlaid  conformably  by  the  buff  dolomitic  limestones  con- 
tdnuouB  with  those  south  of  Dris,  in  which  Dr.  Stolicska  found  triassic  fossils. 

We  therefore  find  that  at  the  head  of  the  Muski  stream  a  very  different 
condition  obtains  to  what  we  found  at  DrAs ;  at  the  latter  place  we  found  a  fault 
separating  the  Dt&b  slates  from  the  triassic  dolomites,  while  in  the  former  place 
the  two  series  are  connected  by  an  intervening  series  of  blue  limestones,  the 
-whole  being  apparently  conformable.  The  inference  from  this  is  firstly,  that  the 
fault  which  occurred  at  Drds  has  here  died  out>  secondly,  that  the  intermediate 
blue  limestones  belong  approximately  to  the  carboniferous  series,  and  thirdly, 
that  the  DrAs  slates  belong  approximately  to  the  Silurian  series.     The  carbonic 

1  Student* I  Element!  of  Qeology,  y.  323. 
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feroufl   limestone  I  estimate  here  at  3,000  feet  in  thickness,  and  the  triassic  as 
from  4,000  to  6,000  feet. 

Do-wn  the  Tilail  valley,  nearly  to  the  Biirzil  (Boorzil)  river,  the  hlne  carboni- 
ferons  limestone  continues  a  little  to  the  south  of  the  Eashenganga,  overlying  the 
slates,  and  itself  overlaid  by  the  dolomitic  limestones  of  the  trias ;  these  latter, 
more  especially  in  the  pass  between  Drds  and  Tilail,  from  their  uniform  and  homo- 
geneous character,  weather  into  grand  tower-like  cliffs  and  crags,  showing  very 
little  signs  of  stratification.  The  banded  carboniferous  limestones,  on  the  other 
hand,  ^hich  generally  contain  intercalated  beds  of  slate,  weather  into  bands 
parallel  to  the  stratification. 

On  the  right  bank  of  the  Kishenganga  liver  in  Tilail,  there  is  an  anticlinal  axis 
a  little  north  of  the  limestone  series,  and  again,  beyond  this,  a  synclinal  axis ;  in 
this  synclinal  axis  there  occurs  a  broken  line  of  presumably  carboniferous  lime- 
stone. To  the  north  of  this  synclinal  I  have  traced  the  slate  series,  which  has  a 
generally  southerly  dip,  to  the  summit  of  the  Tilail  watershed ;  black  slates  here 
form  the  higher  portions  of  the  series,  while  sandstones  and  grits  are  more  common 
lower  down.  Lower  down  the  Kishenganga  valley,  during  a  shooting  tour  made  in 
1874,  I  also  traced  the  same  slate  series  to  the  watershed  of  the  Kelah  Shai  and 
Satani  streams ;  it  is  therefore  apparent  that  this  silurian  slate  series  extends  to 
the  northern  watershed  of  the  Muski  and  Eoshenganga  valleys,  from  Drds  to  the 
Biiirzil  river.  I  may  mention  that  in  the  fine-grained  black  slates  which  occur 
high  up  in  the  Kelah  Shai  valley,  I  found  in  1874  obscure  organic  impressions 
which  I  thought  might  possibly  belong  to  Oraptolifes.  I  have  unfortunately 
since  lost  these  specimens,  so  that  I  cannot  confirm  this  opinion. 

Returning  to  the  middle  of  the  Tilail  valley,  near  the  village  of  Bodagrim,  we 
find  that  green  amygdaloids  like  those  of  the  PirPanjdlare  of  common  occurrence 
in  the  slate  series,  from  which  I  think  we  may  safely  conclude  that  the  Dr^  and 
Panjal  series  are  of  the  same  age.  This  coincide  with  the  inference  drawn  as 
to  the  age  of  the  DdLs  slates  from  their  relations  to  the  triassic  dolomites. 

We  have  now  to  take  an  oblique  cross-section  through  the  great  limestone 
series,  from  the  village  of  Bodagrdm  in  Tilail  to  Sonamarg  in  the  Sind  valley. 
In  crossing  the  ridge  on  the  left  bank  of  the  Kishenganga,  separating  that  river 
from  the  Lahani  stream,  we  first  pass  over  a  continuously  ascending  series  of  light 
blue  carboniferous  limestones  with  a  southerly  dip ;  as  we  descend  on  the  opposite 
side  of  the  ridge  into  the  Lahani  valley,  we  find  these  blue  limestones  succeeded 
conformably  by  bands  of  white  dolomitic  limestones,  puro  blue  limestones,  green 
slates,  and  a  peculiar  white  slaty  limestone.  On  the  Lahani  stream  there  occurs 
a  thick  band  of  brownish  slates ;  these  and  other  slates  intermingled  with  a  few 
bonds  of  limestone,  with  the  same  southerly  dip,  extend  halfway  up  the  ridge 
separating  the  Lahani  from  the  Gadasir  stream ;  here  we  find  the  slates  overlaid 
by  white,  buff,  and  blue  dolomites  and  limestones.  Crossing  the  ridge  into  the 
Gadasir  valley,  we  come  upon  a  synclinal  axis,  and  as  we  descend  we  cross  the 
same  beds  in  a  roverscd  direction.     The  lowest  of  these  northerly  dipping  beds, 
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however,  exposed  in  the  Gtidasir  stream  are  the   dolomites  and  limestones,  and 
not  the  nnderljring  slates  seen  in  the  Lahani  stream. 

It  will,  I  think,  be  evident  from  this  section  that  the  last-mentioned  dolomites 
and  limestones  must  be  the  representatives  of  the  pnre  white  triassic  dolomites 
which  occur  further  to  the  east ;  it  is,  however,  not  quite  clear  whether  the  brown 
slates  in  the  Lahani  valley  belong  to  the  carboniferous  or  to  the  triassic  series ; 
as,  however,  dolomitic  limestones  and  a  whitish  calcareous  slate  occur  below  these 
brown  slates,  and  as  the  thickness  of  ihe  carboniferous  limestones,  north  of  the 
Lahani  stream,  is  about  equal  to  that  which  occurs  more  to  the  eastward,  I  have 
thought  it  probable  that  the  slates  near  the  Lahani  stream  and  the  overlying 
dolomites  and  limestones  all  belong  to  the  triassic  series,  and  I  have  accordingly 
BO  colored  them  in  the  map.  The  slates  which  occur  in  the  middle  of  the  lime- 
stones not  improbably  indicate  that  we  have  here  a  littoral  deposit  in  a  subsiding 
area,  and  that  as  subsidence  went  on  more  rapidly,  limestones  were  again  thrown 
down  over  the  slates. 

As  the  triassic  series  has  not  in  this  place  the  homogeneous  structure  which 
is  so  characteristic  of  it,  further  to  the  eastward,  the  general  appearance  of  the 
rocks  is  very  different ;  they  do  not  weather  out  into  the  craggy  peaks  like  those 
of  Ammdth  and  Dris,  but  into  parallel  hollows  and  ridges,  accordingly  as  the 
harder  or  softer  beds  are  more  prevalent :  in  this  respect  resembling  the  triassic 
series  at  Sonamarg,  as  described  in  my  last  paper. 

Reverting  now  to  our  section,  we  find  on^e  left  bank  of  the  Oadasir  stream, 
tall  cliffs  composed  of  the  amygdaloidal  rocks  of  the  Pir  Panjdl  series,  which  1 
have  traced  to  the  south-east  into  similar  rocks  forming  Shalian  ridge,  which 
were  described  in  my  last  paper ;  to  the  north-west  these  rocks  continue  on 
towards  Ourais,  where  I  shall  have  again  to  refer  to  them.  The  boundary 
between  the  triassic  and  silurian  rocks  continues  up  the  Gadasir  stream,  and  by 
the  two  small  lakes  called  Kishan-Sar  at  the  head  of  the  Raman  stream,  and 
thence  again  down  the  Nicl^inai  stream,  till  it  reaches  Th^jwaz,  where  it  was 
described  in  my  last  paper.  White  dolomitic  limestones  are  most  prevalent  at 
Kishan-Sar,  but  towards  Thdj waz  blue  limestones  with  slates  are  more  prevalent ; 
corals  and  crinoids  are  extremely  abundant  in  the  dolomitic  limestones  near  the 
head  of  the  Gadasir  stream,  the  rocks  at  this  place  having  evidently  once  formed 
part  of  an  old  coral  reef. 

For  some  way  down  the  Gadasir  stream,  the  junction  between  the  slate  and 
limestone  series  is  a  faulted  one ;  this  is  rendered  evident  by  the  fact  that  the 
higher  dolomitic  limestones  in  the  Gadasir  valley  rest  against  the  nearly  vertical 
Silurians,  while  at  Thdjwaz  the  limestones  in  which  Dr.  Stoliczka  found  a 
triassic  Ammonite  dip  towards-  the  older  Silurians.  Lower  down  the  Gadasir 
stream,  however,  as  we  shall  see  at  Gurais,  the  fault  dies  out,  and  there  is  an 
apparently  uninterrupted  succession  from  the  presumably  silurian  slates  to  the 
triassic  dolomites. 

As  accessory  evidence  in  regard  to  the  Gadasir-Nichinai  fault,  it  may  be 
observed  that  along  the  whole  of  this  junction,  a  line  of  springs  of  extremely  pure 
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water  bnrsta  forth.  These  springs,  whicli  have  a  temperature  of  abont  50^  F., 
in  great  .part  supply  the  two  small  lakes  caUed  Kishan^Sar  above  referred  to. 
These  lakes  are  situated  at  an  elevation  of  a  little  short  of  13,000  feet  above  the 
■ea ;  and  my  guide  from  Tilail  told  me  that  they  never  freeze,  even  in  winter, 
which  is  owring  to  their  being  supplied  by  these  springs  whose  temperature  I 
presume  to  be  nearly  constant.  I  at  the  same  time  paid  a  visit  to  another  small 
lake  called  Gurasar-N^,  within  the  silurian  area,  and  consequently  ofE  the  line 
of  springs ;  in  this  lake,  which  is  situated  at  about  the  same  elevation  as  the 
others,  I  found,  at  the  latter  part  of  August,  huge  masses  of  snow  floating  about 
in  the  wrater,  and  the  temperature  of  the  water  at  freezing  point,  while  the  tem* 
perature  of  the  water  of  Kishan-Sar  I  estimated  at  over  40^  F.,  though  glaciers 
drain  into  it. 

From  these  facts  there  can  be  little  doubt  but  that  the  above  referred  to  line 
of  springs  is  of  very  deep-seated  origin,  which  is  strongly  in  favor  of  their  being 
forced  up  from  the  depths  of  a  fault  between  the  limestone  and  slate  series. 

I  may  mention  in  passing  that  the  mountain  lakes  referred  to  above  are 
situated  in  hollows,  the  mouths  of  which  are  dammed  by  the  moraines  of  old 
glaciers,  of  the  former  existence  of  which  there  are  here  abundant  evidences. 

Betnming  once  more  to  our  section,  it  firstly  remains  to  mention  that  the 
band  of  carboniferous  cherty  limestone,  described  in  my  former  paper  as  occur- 
ring at  the  top  of  the  slate  series  at  Graggangan  (Gungungan)  in  the  Sind  valley, 
and  thence  continued  to  the  north-west,  dies  out  across  the  watershed  of  the  Sind 
valley,  and  the  amygdaloidal  Silurians  of  the  Shalian  ridg|8  consequently  come 
into  immediate  contact  with  the  slates  of  the  Sind  valley,  though  I  am  imable  to 
say  whether  or  no  the  fault  is  continued. 

It  now  remains  to  consider  the  limestone  series  near  Gurais,  but  before 
doing  so  it  wiU  be  simpler  to  carry  a  section  from  the  valley  of  Kashmir  to  the 
latter  place,  in  order  that  we  may  the  more  thoroughly  understand  the  sequence. 
Starting  from  Kralptlir  (Kralpoora)  on  the  Gurais  and  Astor  road,  we  find  near 
that  village,  that  the  rocks  consist  chiefly  of  amygdaloids  and  slates,  an  anticlinal 
axis  running  through  them  close  to  the  village.  Between  Kralpdr  and  the  halting 
place  of  Trdgbal,  the  rocks  have  a  general  flat  northerly  dip ;  the  amygdaloidal 
rocks  become  relatively  fewer  as  we  ascend,  and  are  replaced  by  green  and  black 
or  brown  slates  and  sandstones ;  above  Trdgbal  the  rocks  consist  almost  entirely 
of  black  slates  which  preserve  the  same  north-easterly  dip  till  we  approach  a 
synclinal  axis,  near  the  pass,  which  is  again  shortly  followed  by  an  anticlinal 
axis.  Descending  from  the  pass  towards  Kanzalwan,  after  a  few  miles  we  come 
upon  a  band  of  micaceous  and  gneissoid  rocks,  with  a  northerly  dip,  apparently 
overlying  the  black  slates.  It  is,  however,  quite  possible  that  a  fault  may  occur  at 
the  hase  of  these  gndissoid  rocks,  and  they  may  consequently  be  at  the  base  of  the 
slates.  There  is,  I  think,  from  its  mineral  character,  little  doubt  but  that  this 
gneiss  is  the  same  as  that  of  the  Pir  Panjdl,  which  I  have  considered  in  my  former 
papers  to  be  at  the  base  of  the  slates.  Irrespective  of  any  other  considerations, 
it  would  be  extremely  improbable  that  a  band  of  gneiss,  in  localities  so  far  apart 
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88  this  and  the  Pir  Panjdl,  always  occurred  in  the  middle  of  the  slates,  whereas 
it  would  be  extremely  probable  that  it  should  occur  always  at  their  base. 

Beyond  this  gneiss,  still  descending  the  stream,  we  find  black  slates  con- 
formably overlying  the  crystalline  band,  while  towards  Kanzalwan  a  few  of 
the  Pir  Panj&l  amygdaloids  occur  intermingled  with  the  slates,  showing  that 
we  are  stiU  in  the  silurian  series.  Leaving  Kanzalwan,  the  rocks  along  the 
Kishenganga  river  consist  of  the  peculiar  bluish-green  slaty  sandstones  which 
were  noticed  in  my  last  paper  as  occurring  below  the  carboniferous  limestones 
at  Chandanwari,  in  the  Lidar  valley.  As  we  approach  Ghirais,  these  rocks  are 
overlaid  by  blue  limestones  with  the  same  north-easterly  dip ;  the  blue  limestones 
are  followed  by  blue  and  white  limestones  in  bands,  the  whole  being  capped  by 
white  dolomites  like  those  of  Ammdth.  In  1874,  during  the  shooting-trip  pre- 
viously mentioned,  I  found  at  the  base  of  these  limestones  a  larger  species  of 
ClymeniOf — a  genus  characteristic  of  the  upper  devonian. 

From  the  conformable  position  of  this  limestone  series  on  the  top  of  the  slates, 
and  from  the  occurrence  of  the  above-mentioned  fossil,  it  seems  probable  that 
we  have  here  a  reg^ular  ascending  rock  series,  from  the  silurian  to  the  trias 
inclusive ;  I  cannot,  however,  put  in  any  distinct  devonian  group,  or  draw  any 
arbitrary  boundary  between  the  carboniferous  and  the  trias.  I  have  accordingly 
merely  coloured  in  the  former  rocks  as  forming  a  band  corresponding  to  their 
average  width  in  other  localities,  which  I  have  made  to  die  out  towards  the 
south-east,  where,  as  we  have  seen,  there  is  a  faulted  junction  between  the  slate 
and  the  limestone  series,  and  where  the  carboniferous  or  lower  limestones  are 
probably  wanting. 

Near  Gurais  bands  of  a  conglomerate  occur  in  the  slate  series  similar  to  the 
conglomerate  of  the  Pir  Panjdl  range;  this  conglomerate  contains  pebbles  of 
granite  or  syenite,  similar  to  that  of  DdLs,  which  rock  must^  consequently,  be 
older  than  the  slates,  and  must  have  existed  in  its  present  condition  at  the  time  of 
the  deposition  of  the  latter.  '  Pebbles  of  the  same  ciystalline  rocks  occur  in  the 
bed  of  the  Btirzil  river,  which  seems  to  indicate  that  these  rocks  are  continued 
to  the  north  of  the  Tilail  watershed  into  the  higher  valley  of  the  Bdrzil.  It 
also  seems  probable,  that  these  same  gpranitoid  rocks  have  a  great  extension  to 
the  east,  forming  the  rocks  on  the  right  bank  of  the  upper  Indus  at  Ld,  where 
they  are  variously  referred  to  by  Dr.  8toliczka  as  "  granitic  and  syenitic  rocks"  ' 
and  ''syenitic  gneiss"'.  In  the  latter  districts,  they  were  considered  by 
Dr.  Stoliczka  »s  forming,  in  all  probabiliiy,  part  of  the  silurian  series ;  there 
being  apparently  in  the  Le  district  no  break  between  these  rocks  and  overlying 
shales  supposed  to  be  of  carboniferous  age. 

There  is,  however,  quite  a  possibility  of  there  being  a  hidden  unconformity  in 
the  Ld  district,  which  would  correspond  to  the  unconformity  at  Dr^  shown  by 
the  crystalline  pebbles  in  the  slates,  and  I  would  suggest  that  it  may  possibly  turn 

>  Geological  Obiervatioiu  in  Western  Tibet,  p.  848. 

3  *'  Scientific  Beeolts  of  Yarkand  Misvion  "—Geology,  p.  15. 


PART  1.]  Ljfdekker:    Geology  of  Kashtnir.  25 

oat  that  some  of  these  Drds  ahd  L^  crystallines  are  the  representatives  of  some 
of  the  crystalliiies  in  Snru  and  Lahdl,  where  there  is  a  probability  of  rocks  of  two 
ages  being  intermingled.  ^ 

The  nnnsaallj  wide  area  over  which  the  Pir  Panjdl  conglomerate  (if  that 
of  Pangi  be  the  same)  extends  in  the  slate  series,  is  a  very  remarkable  circnm- 
stance,  and  most  clearly  be  due  to  some  very  wide-spread  cause.  In  the  Pangi 
district  I  haye  elsewhere  stated  that  it  seemed  to  me  to  be*  extremely  probable 
that  ice  action  has  been  connected  with  its  production,  and  considering  its  wide 
distribution  in  Kashmir,  I  am  beginning  to  think  whether  we  must  not  have 
recourse  to  some  similar  transporting  power  there,  though  I  have  at  present  no 
positive  proofs  to  bring  forward.  The  occurrence  of  gneiss  (or  syenite  P)  pebbles 
in  the  conglomerate  of  the  Pir  Panjdl,  which,  we  have  seen,  cannot  belong  to  the 
gneiss  of  that  district,  may  be  considered  as  tending  towards  the  hypothesis  of  ice<- 
transport. 

It  now  remains  to  say  a  few  words  regarding  the  area  between  the  Sind 
valley  and  the  Trdgbal  and  Gurais  road.  It  will  be  found  from  my  last  paper 
that  with  the  exception  of  the  gneiss  in  the  Sind  valley,  all  the  rocks  in  the 
valley  of  that  river  below  Oaggangan  belong  to  the  silurian  series ;  the  same 
rocks,  vnth  the  exception  of  a  few  others  of  carboniferous  limestone,  bound  this 
area  to  the  southward  along  the  vale  of  Kashmir ;  similar  rocks  bound  this  area 
to  the  north-west  on  the  Gurais  road,  with  the  exception  of  the  band  of  gneiss 
noticed  above ;  on  the  north-east  the  same  rocks  underlie  the  limestone  series  of 
Tilail.  It  is  therefore  evident  that  the  area  in  question  is  occupied  by  rocks  of 
the  Panjil  series,  which  strike  right  across  it,  but  that  the  centre  of  this  area 
is  penetrated  by  a  mass  of  gneiss  running  in  from  the  north-west,  which,  however, 
does  not  reach  into  the  Sind  valley.  On  a  former  occasion  I  have  found  this 
gneiss  occurring  high  up  in  the  valley  to  the  east  of  Kralpi!b>,  and  on  the  northern 
flft.TiTra  of  Haramtik  (Haramook).  It  seems  therefore  evident  that  this  band  of 
gneiss  dies  out  somewhere  on  the  north-western  side  of  Haramdk,  and  that  the 
rest  of  the  area  consists  of  the  rocks  of  the  Pir  Panjdl.  The  area  has  accordingly 
been  colored  in  on  the  map,  though  the  boundaries  of  the  gneiss  must  be  only 
regarded  as  an  approximation  to  the  truth. 

A  general  glance  at  the  map  of  the  north-eastern  side  of  Kashmir,  will, 
on  the  whole,  show  us  that  the  geological  features  of  the  country  are  very  similar 
to  those  of  the  Pir  Panjil  and  valley  of  Kashmir,  as  treated  of  in  my  last  paper. 
We  there  found  that  the  centre  of  the  Panj&l  range  seemed  to  be  an  anticlinal 
axis,  flanked  on  the  outer  side  by  limestones  considered  to  be  of  carboniferous 
age,  and  followed  on  the  inner  side  by  the  synclinal  axis  of  the  vale  of  Kashmir 
containing  undoubtedly  carboniferous  rooks. 

Similarly,  on  the  Gurais  road,  we  find  an  anticlinal  axis  showing  gneiss, 
followed  by  the  synclinal  of  the  Gurais  valley,  containing  carboniferous  and 
triassic  strata  again  underlaid  by  Silurians  to  the  north-east. 
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To  the  south-east  of  EaramtLk,  this  northern  anticlinal  is  not  so  well  marked, 
as  no  gneiss  is  shown  in  the  section  ;  while  still  further  to  the  sonth-east,  as  at 
Palgdm  in  the  Lidar  valley,  the  anticlinal  has  quite  died  out,  and  is  replaced  by 
a  local  synclinal,  in  which  there  rests  an  outlier  of  carboniferous  strata. 

The  synclinal  in  the  Silurians  at  Gurais,  containing  carboniferous  and 
triassic  strata,  is  a  well  marked  feature,  extending  from  the  former  place  to 
Panjtami  and  Dras  towards  the  south-east.  In  many  places,  however,  it 
will  be  observed  that  th«  original  relations  of  this  synclinal  have  been  disturbed 
by  faulting,  but  not  to  such  an  extent  as  to  obscure  the  general  features  of  the 
system.  To  the  north  of  this  great  synclinal  ellipse,  we  have  another  slight 
synclinal  containing  carboniferous  strata  in  the  midst  of  silicrian  rocks. 

It  win  have  been  observed  in  the  course  of  the  preceding  sections,  that 
the  slates  of  the  Zoji-la,  lying  in  a  synclinal  ellipse  of  the  triassic  limestones,  are 
not  represented  in  the  section  taken  from  Tilail  to  Sonamarg ;  the  synclinal  being 
contracted  at  this  point.  It  is  therefore  apparent  that  these  slates  must  die  out 
gradually  between  the  Zoji-Ia  and  that  point;  this  has  accordingly  been  so 
represented  in  the  map,  though  the  north-western  termination  of  these  Zoji-la 
slates  is  only  approximately  represented. 

In  concluding  this  sketch,  I  wish  to  add  a  few  words  regarding  the  probable 
age  of  the  strata  overlying  the  silurian  series,  in  the  Tilail  and  DdLs  districts,  and 
their  relations  to  the  great  limestone  series  of  the  valley  of  Kashmir.  I  would 
premise  that  fossils  are  of  extremely  rare  occurrence  in  this  series,  and  that 
therefore  no  precise  distinctions  as  to  the  age  of  the  different  beds  can  be  drawn, 
but  only  the  general  homotaxis  of  the  series  can  be  roughly  indicated.  I  have 
already  observed  in  my  last  paper,  that  in  the  fossiliferous  strata  of  the  more 
eastern  Himalaya,  the  late  Dr.  Stoliczka  found  that  no  distinct  devonian 
or  permian  periods  could  be  determined  from  the  fossil  evidence,  but  that 
strata  containing  a  fauna  with  a  distinct  silurian  fades  were  immediately  fol- 
lowed by  other  strata  containing  a  fauna  with  a  carboniferous  facies,  and  the 
latter  again  by  a  triassic  fauna.  The  absence  of  a  distinct  devonian  and 
permian  period  cannot  here  be  explained,  on  the  supposition  that  during  these 
periods  the  area  was  dry  land,  since  (unless  there  be  concealed  breaks  of  which 
we  have  no  knowledge)  there  seems  to  be  an  uninterrupted  succession  of  strata ; 
and  we  are  therefore  driven  to  conclude  that  the  strata  classed  by  Dr.  Stoliczka  as 
silurian,  carboniferous,  and  triassic,  must  be  the  representatives  of  the  whole  of 
the  European  series  from  the  silurian  to  the  triassic  inclusive ;  and  that  the  same 
probably  holds  good  in  the  Kashmir  area. 

On  these  grounds  it  would  not  appear  surprising,  if  we  were  to  find  a  com- 
mingling of  the  fossils  of  all  these  different  periods,  to  a  certain  limited  extent ; 
and  such  appears  to  be  certainly  sometimes  the  case  in  India,  since  Dr.  Waagen  ^ 
has  described  the  occurrence  of  Ammonites  associated  with  Goniatites  in  the 
carboniferous  strata  of  the  Salt  Range,  clearly  showing  a  blending  of  the  carbo- 
niferous and  triassic  faunas. 

^  Mem.  Geol.  Surr.  India,  Vol.  IX,  pt.  II. 
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Retoming  now  to  our  Eiashmlr  limestones,  we  find  that  in  the  valley  of 
Kaahmir  at  Eishmakdm  and  near  the  Marbal  pass,  as  well  as  in  a  few  other 
l^aoes,  distinetly  carboniferous  fossils  have  been  found,  generallj  low  down  in 
the  series ;  a  few  sinular  fossils  have  also  been  found  at  the  base  of  the  limestone 
seriee  of  tiie  north  of  Kaehmir,  near  Shisha-N&g,  which  seems  to  correlate  the 
bases  of  the  two  local  series.  Further  to  the  westward  at  Thajwae,  a  triassie 
Ammonite  was  found  by  Dr.  Stoliczka  somewhat  low  down  in  the  limestone 
series,  but  how  low  down  I  am  unable  to  say,  because  th^  junction  between  the 
limestone  and  slate  series  is  here  a  faulted  one.  A  little  higher  up  in  the  same 
series  I  have  myself  found  corals  and  crinoids. 

Ik.t  the  top  of  the  Gudaair  stream,  I  found  what  seems  certainly  to  be  a 
Ckee^eies  in  considerable  quantity ;  and  at  Sonamarg  I  found  one  large  mass  of 
a  CyathophyUum  or  some  closely  allied  genos.  Now,  the  genus  CkoBbet&s  has  been 
hitherto  known  in  the  Himalaya  from  the  Muth  series^  only,  which  is  sup« 
posed  to  be  the  representative  of  the  European  silurian,  while  we  now  have 
it  on.  a  line  of  beds  which  have  yielded  a  triassie  Ammonite.  In  Europe  the 
genos  attained  its  maximum  in  the  carboniferous  rocks,  but  also  ranged  both 
aboT^e  and  below  that  formation. 

Cyathophyllum  also,  according  to  Dn  Stoliczka^  has  hitherto  been  found  only 
in  the  Muth  series  in  the  Himalaya;  in  Europe  this  genus  ranges  from  the 
Silurian  to  the  trias. 

As  far  as  these  two  genera  go,  therefore,  it  seems  that  no  evidence  of  the  age 
of  the  rocks  in  which  they  occur  can  be  obtained.  The  discovery  of  these 
in  the  triassie  series  of  India  shows  that  they  had  a  wide  range  in  time  here 
as  in  Europe. 

Again,  near  Drds,  in  the  dolondtie  series,  whidi  eorresponds  to  some  parts 
of  the  limestone  series  at  Thijwaz,  vezy  characteristic  upper  triassie  fossils  were 
found  by  Dr.  StolicEka.' 

Turning  now  to  the  same  great  limestone  series  at  G-urais,  we  find  that  here 
we  have  an  apparently  continuous  series  from  the  Panjal  slates  through  the 
limestones ;  and  that  quite  at  the  base  of  these  limestones  a  species  of  the  genua 
Clyitienia  was  found  which  is  eharacteristie  of  the  upper  devonian  of  Europe. 

Taking,  therefore,  the  whole  of  this  evidence,  it  is  quite  clear  that  the  base  of 
the  limestone  series  of  Kashmir  is  of  carboniferous,  and  from  the  evidence  of 
the  Clymenia  perhaps  partly  of  upper  devonian  aga  The  higher  dolomitic  beds, 
on  the  other  hand,  are  clearly  of  upper  triassie  age.  The  only  question  is 
where  to  draw  the  boundary  between  the  two  periods. 

Now,  at  Thijwaz,  where  the  Ammonite  was  found,  and  where  the  junction  is 
faulted,  the  strata  haTe  been  colored  in  the  map  as  of  triassie  age  ;  it  must,  how- 
ever, be  said  that  an  anticlinal  occurs  here,  and  that  no  very  distinct  lithplogical 
comparisons  are  here  possiblci    Moreover,  as  the  whole  series  is  here  in  sequence, 

1  StoL :  Mem.  Geol.  Sor^.  India,  VoL  V,  put  iii,  p.  143. 
'  Hem.  Qeol.  Sutt.  India,  Vol.  V,  p.  849. 
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and  aa  we  have  already  seen  that  Ammonites  have  been  f onnd  ebewhete  in  India 
in  strata  containing  carboniferons  fossils,  it  is  not  improbable,  naj  ratlisr  it  is 
VBry  probable,  that  there  may  here  be  a  mingling  of  fossils  of  different  periods  ( 
and  that  consequently  no  hard-and-fast  bonndairies  can  be  drawn  corresponding  to 
the  limits  of  European  formations ;  though  at  the  same  time  it  should  be  obseryed 
that  it  may  hereafter  be  quite  possible  to  distinguish  independent  Indian  life- 
Eones  in  these  strata,  should  abundant  fossils  oyer  be  discovered  in  them. 

In  the  map  wherever  there  is  a  regular  sequence  of  strata  from  the  Panjal 
slates  to  the  upper  triassic  dolomites  of  Dris  and  Amfnath,  the  limestones  under^ 
lying  the  latter  have  been  classed  as  carboniferous.  Along  the  faulted  line  of 
Thajwaz  the  whole  series  has  been  referred  to  the  trias  from  the  evidence  of  the 
Ammonite,  which,  as  above  said,  may  be  doubtful ;  and  there  may  therefore  be  a 
few  carboniferous  beds  at  the  base  of  the  anticlinal,  while  at  the  same  time  some 
of  the  higher  slates  may  be  of  carboniferous  age. 

• 

We  may  also  observe  that  since  the  limestones  of  the  valley  of  Kashmir  itself, 
which  contain  numerons  carboniferous  fossils  at  their  base,  are  in  many  places 
thicker  than  the  carboniferous  band  in  the  limestone  series  of  the  north  of 
Kashmir,  it  is  more  than  probable  that  some  portions  of  the  former  are  the  repre- 
sentatives of  the  triassic  series.  At  Manasbal  ^  this  has  already  been  proved  to 
be  the  case,  from  the  identity  in  mineral  character  of  the  white  dolomites  at  the 
top  of  the  series  in  that  place  with  the  similar  rocks  of  Drds  and  Ammdth.  In 
the  south-eastern  extremity  of  the  valley  of  Kashmir,  the  whole  of  the  limestone 
series  has  the  same  mineralogies!  composition  throughout^  and  the  higher  beds 
have  hitherto  yielded  no  fossils.  We  have  therefore  no  direct  evidence  to 
connect  the  upper  beds  there  with  the  trias  of  Dr4s,  and  they  must  therefore 
remain  on  the  map  as  of  carboniferous  age,  until  evidence  can  be  produced  to  the 
contrary* 

Finally,  we  must  come  to  the  conclusion  that  the  Kashmir  limestone  series 
forms  an  unbroken  sequence  of  strata,  which  must  be  -the  equivalents  of  ail  the 
European  strata  from  the  upper  devonian  to  the  upper  triassic  inclusive  ;  but  as, 
with  one  exception,  no  devonian  or  permian  fossils  have  been  discovered,  the 
strata  have  been  colored  on  the  map  as  carboniferous  and  triassic  only. 

From  the  distribution  of  the  limestone  series  in  Kashmir,  it  seems  pretty 
evident  that  these  strata  were  once  connected  and  extended  over  the  whole  area, 
and  have  been  brought  into  their  present  form  by  disturbance  and  denudation. 

The  strata  overlying  the  triassic  dolomites  of  the  Zoji-la  being  sandy  and 
clayey  in  composition,  were  probably  deposited  in  a  shallower  sea  than  that  in 
which  the  older  limestones  were  laid  down ;  and  since  no  newer  strata  are  known 
in  this  area,  it  is  possible  that  the  bottom  of  the  sea  was  being  upheaved  at  the 
time  of  the  deposition  of  these  slates,  and  that  the  area  has  not  subsequently  been 
submerged. 

*  Rec,  Geol.  Surr.  India,  Vol.  XI,  p.  47% 
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The  local  oocnrrence  of  clayey  and  sandy  rocks  in  the  limestone  series  on  the 
korison  of  pnre  limestones  may  also  suggest  that  the  sea  in  which  these  lime- 
stones were  laid  down  was  in  places  shallow,  and  near  to  land ;  the  presence  of 
coral  reefs  also  attests  either  the  presence  of  land,  of  a  shallow  sea,  or  of  a  sea 
filled  with  atolls.  Where  the  ancient  land  surfaces  were,  we  have  at  present  no 
mean  of  indicating. 

m. — Tbagbs  of  old  olacibbs  IK  EashhIb. 

As  there  has  heen  considerable  discnssion  carried  on  in  the  "  Kecords"  of  late 
concerning  the  supposed  glaciation  of  parts  of  the  Upper  Punjab,  I  hare  thought 
it  would  not  be  out  of  place  to  state  here  any  facts  which  I  have  observed  as  to 
evidences  of  former  glaciation  in  Kashmir  and  the  neighbouring  mountains. 

I  -win  first  observe  that  I  have  nowhere  observed  any  traces  of  glaciation  in 
the  valley  of  Kashmir  itself.  I  have  already  observed  in  my  last  paper,^  that  I 
cannot  agree  with  Professor  Leith  Adams'  in  considering  the  Bdramtila  gavels  as 
affording  any  evidence  of  former  glaciation ;  and  I  know  of  no  other  deposits  in  the 
valley  which  could  possibly  be  considered  to  be  due  to  the  same  agency.  Neither 
have  I  seen  any  traces  of  erratics,  perched  blocks,  roches  moubonn^y  or  scratched 
rock-surfaces  within  the  limits  of  the  valley.  I  may  add  that  I  think  it  almost 
certain  that  the  B&ramfila  gravels  are  much  older  than  the  old  glacial  moraines 
of  other  parts  of  Kashmir,  which  are  always  entirely  undisturbed  by  tilting. 

The  lowest  elevation  in  Kashmir  at  which  I  have  observed  glacial  phenomena 
is  in  the  Sind  valley  near  the  village  of  Kiilan,  (marked  in  the  map  issued  with 
my  last  paper),  at  an  elevation  of  about  7,000  feet ;  here  I  have  seen  very 
distinct  glacial  striation.  Mr.  Drew,'  moreover,  mentions  the  occurrence  of  a 
well  grooved  roche  movionnie  near  the  same  place  at  an  elevation  of  about 
6,500  feet  above  the  sea  level,  or  1,500  feet  above  the  level  of  Srinagar.  This  is 
the  lowest  spot  in  Kashmir,  where  there  seems  to  be  undoubted  evidence  of 
former  glacier  action.  . 

Above  this  elevation  traces  of  old  glaciers  are  extremely  numerous  in  the 
Kashmir  Himalaya ;  and  I  will  here  only  notice  one  or  two  well  marked  instances. 

At  Gtilmaig,  on  the  Pir  Panjil,  many  of  the  hillocks  of  detrital  matter 
stretching  out  into  the  valley  seem  undoubtedly  from  their  shape  to  have  formed 
part  of  an  old  glacier  moraine,  though  I  have  not  succeeded  in  obtaining  any 
grooved  rocks ;  the  elevation  of  this  place  is  somewhat  short  of  8,000  feet. 

At  Sonamarg  and  Th^jwae,  in  the  upper  Sind  valley,  there  is  an  undulating 
plateau,  at  an  elevation  of  about  9,000  ieety  which  is  composed  entirely  of  detrital 
matter,  to  a  depth  in  places  of  at  least  300  feet.  This  plateau  has  been  admirably 
described  at  page  220  of  Mr.  Drew's  above-quoted  work  on  Kashmir,  and  is  there 
clearly  shovm  to  have  once  formed  an  old  glacier  moraine.     I  have  found  glacial 

ip.  33. 

'  Waaderinga  of  a  Natttralist  in  IncUa,  p.  171. 

'  Jummoo  and  Kasbmfr' Territories,  p.  220, 
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flcratches  on  some  of  the  angular  blocks  of  this  moraine.  The  blocks  in  this 
moraine  consist  almost  entirely  of  the  amygdaloidal  rocks  of  the  Shalian  ridge, 
while  the  moraine  itself  rests  in  a  hollow  of  the  Sonamarg  limestone.  At  an 
elevation  of  abont  2,000  feet  aboTe  the  Sonamarg  platean  three  small  glaciers  still 
nestle  in  sheltered  ravines  on  the  northern  aspect  of  the  Shalian  ridge.  Mr.  Drew 
thinks  it  probable  that  the  whole  of  the  Sind  valley  nearly  as  far  down  as 
Kangan  was  formerly  occupied  by  a  glacier — a  conclusion  with  which  I  agree. 
The  hill  of  limestone  separating  the  village  of  Sonamarg  from  the  valley  of  the 
larger  Thdjwaz  glacier,  represented  at  page  219  of  Mr.  Drew's  book,  is  at  its 
lowest  point  some  500  feet  above  the  level  of  the  Sonamarg  moraine,  and  has  a 
peculiarly  rounded  appearance,  which  suggests  the  probability  of  this  hill  having 
been  once  buried  beneath  the  ice  of  the  old  glacier. 

On  the  Laddk  side  of  the  Zoji  psAs,  we  find  at  Drds,  which  has  an  elevation 
of  some  10,000  feet,  two  huge  embankments  of  detrital  matter,  some  four  or  five 
miles  in  length,  extending  from  the  crystalline  ridges  of  the  north  into  the  Dras 
valley,  and  consisting  almost  entirely  of  boulders  of.  the  crystalline  rocks  strewing 
the  surface  of  the  slate  rocks  of  Dras.  From  the  form  of  these  masses  of  detrital 
matter,  I  think  that  they  are  certainly  due  to  former  glacial  action ;  which  opinion 
is  strengthened  by  the  great  distance  over  which  the  boulders  have  travelled, 
and  by  the  very  slight  fall  of  the  ground  on  which  they  lie, — a  fall  so  slight  that  I 
cannot  think  these  huge  blocks  could  have  possibly  been  moved  along  it  by  the 
action  of  water  alone,  especially  as  there  is  no  great  river  along  the  line  of  their 
course. 

It  now  remains  to  consider  certain  granitoid  blocks  in  the  Jhelam  valley 
below  Baramula  which  Colonel  God  win- Austen^  suggests  may  have  been  brought 
into  their  present  position  by  the  aid  of  ice-action.  In  discussing  the  question  of 
the  glacial  or  non-glacial  origin  of  the  deposits  in  which  these  blocks  occur,  it 
will  be  necessary  to  go  somewhat  into  the  history  of  the  Jhelam  valley. 

On  referring  to  the  outline  map  accompanying  my  paper  on  the  Greographj 
of  the  Pir  Panjdl,  it  will  be  seen  that  there  are  two  masses  of  gneiss,  one  on 
either  side  of  the  valley,  above  and  below  Kimpdr,  but  which  do  not  extend 
down  into  the  stream  itself.  It  is  from  these  masses  of  gneiss  that  the  boulders 
in  the  river  bed  have  been  derived ;  and  it  only  remains  to  consider  the  means  by 
which  they  have  attained  their  present  position. 

The  first  of  these  masses  of  gneiss  occurs  a  little  to  the  south  of  the  town 
of  Naushara ;  this  gneiss  extends  into  the  watershed  of  the  mountain  torrents, 
which  descend  into  the  Jhelam  valley,  so  that  it  is  quite  possible  for  blocks  of  it 
to  be  carried  by  water  into  the  Jhelam.  Immediately  below  Naushara  we  come 
upon  an  aJlu^dal  deposit  in  the  river,  which  is  chiefly  composed  of  blocks  of  this 
gneiss,  which,  as  being  harder,  remains  after  the  slate  boolders  from  the 
neighbouring  clifiis  have  been  ground  to  powder. 

At  Rdmpur  this  alluvial  formation  contains  gneissic  blocks,  some  of  which 
are  as  much  as  15  feet  in  diameter  ;  the  whole  formation  is  at  least  one  hundred 

>  Proc.  Geol.  Soc.,  London,  1864^  p.  383. 
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feet  in  thickness  on  the  left  bank  of  the  river.  The  included  blocks  are  all  more 
or  less  rounded  and  water- worn,  while  the  matrix  in  which  they  are  imbedded  is 
here  but  little  stratified.  As  we  descend  the  river,  the  blocks  of  gneiss  continue 
to  decrease  in  size,  till  we  come  upon  the  sharp  bend  in  the  river  below  Bampur  ^ 
here  a  fresh  stream  of  gneiss  blocks  has  come  down  a  tributary  stream  from  the 
second  gneiss  mass  in  the  Edj-Nag  range ;  some  of  these  blocks  have  a  long 
diameter  of   upwards  of  20  feet. . 

Still  continuing  our  survey  down  the  river,  we  find  the  gneiss  blocks  again 
becoming  smaller  and  smaller,  and  half-way  to  Uri  the  alluvial  deposit  is  seen 
to  be  most  distinctly  stratified.  All  the  gneiss  boulders  have  their  long  axes  in* 
clined  up  the  stream  and  towards  the  river-bed  at  an  angle  of  about  30  ;  so  that 
one  of  the  flat  sides  of  each  boulder  is  opposed  to  the  flow  of  the  stream,  as 
we  find  to  be  the  case  in  any  deposit  of  modem  river  pebbles. 

The  summit  of  the  alluvial  formation  is  level,  forming  high-level  plateaux 
on  either  side  of  the  river.  At  Uri  we  find  a  similar  plateau,  some  200  feet  in 
thickness,  formed  of  the  red  Sirmur  rooks  of  the  neighbouring  hills  ;  the  pebbles 
in  this  deposit  are  rounded,  and  have  the  same  relative  position  in  regard  to  the 
stream  aa  the  gneiss  blocks  higher  up.  A  few  small  gneiss  blocks  are  found  in  the 
Uri  deposit. 

Below  Uri  the  same  formation  runs  along  either  bank  of  the  river  with 
the  same  "  hanging  level"  often  between  200  and  300  feet  in  thickness ;  a  few 
gneiss  pebbles  occur  in  this  deposit ;  the  other  boulders  consist  of  the  Sirmtir  sand- 
stones, some  of  them  of  large  size. 

A  few  miles  above  Hatian  we  again  find  a  great  number  of  rounded  boulders 
of  porphyritic  gneiss  embedded  in  the  alluvial  formation,  some  of  which  have  a 
long  diameter  of  over  10  feet.  It  is  probable  that  these  blocks  have  come  down 
across  the  Jhelam  from  the  peaks  of  the  Kaj-Nag  immediately  to  the  north, 
where  the  same  gneiss  doubtless  occurs,  though  I  do  not  know  its  correct  position. 
Small  blocks  of  this  gneiss  can  be  traced  from  Hatian  as  far  as  the  bend  of  the 
river  at  Mozaffarabad. 

It  will  be  gathered  from  the  above  observations  that  the  whole  of  the  gneiss 
blocks  in  the  Jhelam  valley  have  followed  the  course  of  tributary  mountain  streams, 
have  not  been  carried  across  intervening  ridges,  and  are  imbedded  in  an  aqueous 
formation.  Further,  there  are  not  the  slightest  traces  of  glacial  action  on  any  of 
the  hard  slate  rocks  in  the  Upper  Jhelam  valley,  which  ought  to  have  existed,  as 
they  do  in  other  places,  had  glaciers  extended  into  the  Jhelam  valley. 

Again,  the  Jhelam  itself  is  able  to  roll  and  carry  down  the  gneiss  blocks  which 
now  lie  in  its  course,  and  a  fortiori  the  mountain  streams  with  a  fall  ten  times  as 
great  could  easily  have  rolled  them  down  in  flood  time  from  their  original 
position. 

A  tthe  same  time,  I  think  it  extremely  probable  that  many  of  these  glacial  blocks 
were  carried  some  way  down  the  lofty  clifEs  of  the  Panjdl  and  E[&j-N&g  ranges  by 
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ice,  at  a  time  wben  we  know  that  the  glaciation  of  the  Himalajaa  was' much 
greater  than  at  present. 

My  only  point  is,  that  I  can  see  no  evidence  of  glaciers  having  ever  extended 
down  to  the  level  of  the  Jhelam ;  and  that  the  gneiss  blocks  could  have  perfectly 
well  attained  their  present  position  by  debacle  action. 

It  will  be  gathered  from  the  above  observations  that  the  Jhelam  is  now  a 
denuding  and  not  a  depositing  river,  as  it  was  when  these  alluvial  formations 
were  laid  down ;  from  which  we  may  probably  infer  that  great  changes  of  level 
have  taken  place  since  the  period  of  those  deposits,  which  may  have  afforded 
greater  facilities  at  certain  times  for  the  movements  of  the  blocks. 

In  conclusion,  we  may  state  that  on  the  mountains  of  the  north  side  of 
Kashmir  we  have  distinct  evidence  of  a  former  glaciation  at  an  elevation  of  some 
6,500  feet  above  the  sea-level,  while  on  the  south  side  we  know  of  ng^e  below 
8,000  feet.  In  the  vale  of  Kashmir  itself,  and  in  the  lower  Jhelam  valley,  we  at 
present  have  no  distinct  evidences  of  glaciation. 

As  far,  therefore,  as  this  negative  evidence  goes,  it  tends  to  disprove  aoy 
former  glaciation  of  the  outer  hills  and  Upper  Punjab,  because,  if  there  had  been 
any  glaciation  of  the  latter,  there  would  most  assuredly  have  been  a  far  greater 
glaciation  of  the  valley  of  Kashmir  and  the  neighbouring  hills,  since  even  at 
equal  elevations  the  present  glaciation  of  the  Himalaya  increases  as  we  pasa 
towards  its  central  axis. 


GOBBECTIONS  TO  MaP. 

For  "  Panjtaria,"  read  "  Panjtami." 
For  "  Sonamaro,"  read  *^  Sonamarg.'* 

Indsx. 

For  "Kareewahs,"  read  "Karewahs.** 
For  "Zogi-la,"  read  "Zoji-la." 
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Further  Notices  of    Siwalik  Mammalia  hy    B.   Ltdekeer,   B.  A.,   Geological 

Survey  of  India, 

«  

[With  a  Plate.] 

Since  my  last  notice  of  Siwalik  Mammalia,^  another  collection  has  been 
received  from  Mr.  Theobald,  and  a  few  interesting  teeth  have  been  obtained 
throngh  Mr.  Blanford  from  Sind.  Many  of  Mr.  Theobald's  specimens  have 
added  considerably  to  our  knowledge  of  the  dentition  and  osteology  of  previously 
known  species.  On  the  present  occasion  I  shall  only  very  briefly  notice  the  most 
interesting  of  the  majority  of  the  new  specimens,  reserving  their  fuller  descrip- 
tion for  a  future  occasion,  when  I  shall  have  an  opportunity  of  giving  figures  of 
them.  One  specimen,  however — the  jaw  of  a  large  monkey — is  of  so  interesting 
a  nature,  that  I  have  given  a  figure  of  it  here,  as  it  would  otherwise  have  been  long 
before  I  should  have  been  enabled  to  do  so.  On  the  same  plate  I  have  likewise  had 
drawn  the  molars  of  the  Ma4:acu8  and  the  Rhizomys  described  in  my  last  notice. 

Among  the  rarer  specimens  is  the  greater  portion  of  one  side  of  the  lower 
jaw  of  AtUhracotherium  punjabiense,  showing  the  three  true  molars. 

PRIMATES. 

Palaopithegus  sivalensis,  n.'gen.  nobis. 

The  most  interesting  specimen  in  the  whole  of  Mr.  Theobald's  Siwalik  col- 
lection is  the  fragmentary  palate  of  a  large  anthropoid  ape,  represented  in  figures 
1  and  5  of  the  accompanying  plate.  This  specimen  is  of  the  highest  interest, 
because,  with  the  exception  of  a  single  canine  tooth  obtained  years  ago  by  Dr. 
Falconer  from  the  Siwaliks,  it  is  the  only  specimen  which  affords  us  any  evidence 
of  the  former  existence  of  anthropoid  apes  in  India,  or  indeed,  if  we  except 
Dryopitheeus  and  the  smaller  genera,  in  the  whole  world. 

The  specimen  was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the 
Punjab,  somewhere  near  the  village  of  Jabi,  though  I  do  not  know  the  precise 
locality ;  it  was  originally  in  three  fragments,  but  two  of  them  have  been  united  ; 
and  as  the  fractures  are  quite  recent,  I  presume  that  the  specimen  was  broken  up 
by  the  natives  in  extracting  it  from  its  matrix.  The  portion  that  remains  shows 
the  greater  part  of  the  right  maxilla,  broken  near  the  centre  of  the  palate,  and 
superiorly  at  the  zygomatic  root;  the  second  fragment  is  a  portion  of  the 
left  maxilla ;  in  the  figure  the  two  fragments  have  been  placed  in  their  relative 
position  in  the  proportions  of  the  palate  of  the  living  Orang. 

The  fragment  of  the  left  maxilla  contains  the  complete  penultimate,  and  the 
bases  of  the  first  and  last  molars.  The  right  maxilla  exhibits  the  entire  dental 
series,  from  the  outer  incisor  to  the  last  molar ;  the  crown  of  the  incisor,  of  the 
penultimate  premolar,  and  the  sunmiit  of  the  canine  have  been  broken  ofE ;  the 
penultimate  molar  has  the  centre  of  its  crown  somewhat  decayed.  The  premo- 
lars are  two  in  number,  which  shows  that  the  specimen  belongs  to   the  Catarhine 
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section  of  the   Primates ;  all  the  teeth  are  well  worn,  which  shows  the  animal  to 
hare  been  adult  at  the  time  of  its  death. 

The  molars  and  canine  are  arranged  in  a  straight  line,  and  there  is  a  small 
diastema  between  the  canine  and  the  outer  incisor ;  each  tooth  of  the  molar  series 
is  inserted  by  four  &ngs.  In  the  tme  molars,  the  last  is  the  smallest  of  the 
three ;  each  tooth  carries  four  cusps  on  the  masticating  surface,  which  form  an 
irregular  quadrangle,  arranged  obliquely  to  the  long  axis  of  the  tooth ;  thus,  in 
relation  to  a  line  drawn  transversely  across  the  palate,  in  front  of  any  one  molari 
we  find  the  antero-eztemal  cusp  placed  firsts  then  the  antero-intemal  cusp,  then 
the  postero-eztemal,  and  lastly,  the  postero-intemal ;  an  imperfect  ridge  connects 
the  two  internal  cusps.  The  crowns  of  the  molars  are  square  or  oblong,  with 
their  angles  rounded  off.  The  one  remaining  premolar  carries  two  cusps  on  its 
masticating  surface  :  both  this  and  the  penultimate  premolar  are  remarkable  for 
the  shortness  of  their  antero-posterior  diameter  in  relation  to  the  transverse. 
The  canine  is  a  short  and  blunt  conical  tooth,  with  the  outer  side  of  the  crown 
rounded,  and  the  izmer  side  bevelled  away  obliquely  from  base  to  summit ;  no 
portion  of  the  tooth  which  remains  has  been  at  all  affected  by  wear.  The  fang 
of  the  incisor  is  small  and  laterally  compressed. 

The  profile  view  of  the  specimen  (fig.  1)  shows  the  fangs  of  the  molars 
and  the  root  of  the  zygoma  which  arises  above  the  interval  between  the  first 
and  second  true  molars ;  in  front  of  the  zygoma  there  is  a  channelled  hollowing 
of  the  jaw,  in  front  of  which  the  fang  of  the  canine  bends  round  in  an  arch. 

From  the  shortness  and  bluntness  of  the  canine  it  is  inferred  that  the  jaw 
belonged  to  a  female  individual. 

With  this  description,  we  may  proceed  to  compare  the  new  jaw  with  the  jaws 
of  other  Primates.  First,  we  shall  have  no  difficulty  in  saying  that  our  specimen 
does  not  belong  to  either  of  the  genera  SemnopithecuSf  Macacusy  or  CercopUhecus 
and  their  allies,  because  in  those  genera  the  cusps  on  the  molars  are  much 
higher  and  sharper,  and  are  arranged  in  pairs  directly  transverse  to  the  long  axis 
of  the  tooth ;  in  addition,  the  last  molar  in  those  genera  is  always  as  large,  or 
larger,  than  the  first,  and  the  angles  of  the  molars  are  square. 

In  Cynoceplialus  and  its  allies  the  teeth  have  much  the  same  general  charac- 
ters as  in  the  last  group,  and  the  last  molar  is  much  larger  than  the  first. 

As  we  have  already  seen,  the  Siwalik  jaw  cannot  belong  to  the  Platyrhine 
monkeys,  and  there  only  remains,  therefore,  the  group  of  the  Simioe,  or  the 
anthropoid  apes  and  man  to  which  it  can  belong.  Now,  in  all  the  anthropoid 
apes  and  in  man  the  molars  are  exactly  of  the  pattern  of  those  of  our  specimen, 
and  there  can  be  no  doubt  but  that  the  latter  belongs  to  this  group.  The  molars, 
however,  of  these  apes  and  of  man  are  so  much  alike,  that  it  is,  I  believe, 
frequently  quite  impossible  to  distinguish  isolated  molars,  and  we  can  only 
therefore  arrive  at  specific  or  generic  distinctions  by  a  comparison  of  the  whole 
dental  series. 

Commencing  with  the  lowest  of  the  anthropoid  apes — Hylohates — we  find 
that  the  general  structure  of  the  molars  of  that  genus  is  much  the  same  as  in  the 


PAET  1 .]  Lydekker :  Further  Notices  of  Siwatii  Mammalia. 


35 


Siwalik  jaw :  the  premolars  are,  however,  much  sqnarer,  the  canine  relatively 
longer  and  sharper,  and  grooved  and  concave  internally ;  farther,  the  face  in  the 
Siamang  is  shorter,  the  hollow  in  front  of  the  zygoma  less  deeply  channelled,  and 
the  canine  more  approximated  to  the  zygoma,  and  its  alveolus  much  less  arched 
than  in  the  Siwalik  jaw.  Finally,  as  a  character  of  less  importance,  all  the 
species  of  Hylobates  are  of  much  smaller  dimensions  than  the  animal  to  which 
the  fossil  jaw  belonged. 

There  now  remain  only  the  Orang,  Chimpanzee,  and  Gorilla  among  the  living 
anthropoid  apes,  with  which  to  compare  our  specimen.  For  this  comparison  I 
have  drawn  up  the  following  tables  of  the  dimensions  of  the  upper  teeth  in  these 
animals,  and  in  man  and  HylohateSf  which  it  may  be  well  to  study  before  pro- 
ceeding further. 

Table  thowing  dimensions  of  upper  teeth  in  the  higher  Primates. 


o 

o 

1 
1 

8 

So 

1^ 

Human  5  Eoro- 
pean. 

1 

(3 

It 

Antero-poflterior  diameter  of  outer  incisor  ... 

0-30 

0-30 

0-88 

0-80 

0-80 

0-25 

0-13 

TransTene  ditto  of  ditto    ditto    ... 

0-19 

0-28 

0-25 

0-25 

0-26 

0-18 

0-18 

Antero-pocterior  diameter  of  canine 

0-58 

0-46 

0-68 

0-80 

0-62 

0-84 

0-36 

TnuiaYer»e  of            ditto 

0-51 

0-38 

0-59 

060 

0-45 

0-22 

0-27 

1-87 

1-94 

2-18 

2-70 

1-80 

1-55 

1-21 

Ditto  of  premolars 

0-58 

0-70 

0-74 

0-90 

0-61 

0-60 

0-43 

Ditto  of  true  molars    ... 

1-81 

1*26 

0-48 

1-80 

1-20 

1-05 

0-80 

Ditto  of  penultimate  premolar   ... 

0-80 

0-85 

0-89 

045 

0-81 

0-25 

0-26 

Width  of           ditto        ditto      

0-60 

0-49 

0-50 

0-64 

0-42 

0-89 

0-25 

Length  of  last  ditto        ditto      ... 

0-80 

0-85 

089 

0-48 

0-82 

0-25 

0-25 

Width  of            ditto        ditto      ... 

0-85 

0-49 

0-50 

0-60 

0-44 

0-89 

0-24 

Lengi^h  of  Ist  molar 

0-45 

0-48 

0-60 

0-55 

0<45 

0  36 

0-28 

Width  of      ditto 

061 

0-45 

0-58 

0-60 

0-49 

0-43 

0-30 

• 

Length  of  2nd  molar 

0-50 

0-42 

0-49 

0-63 

0-48 

0-38 

0-80 

Width  of        ditto         

0-61 

0-48 

0-58 

0*60 

0-49 

0-43 

0-31 

Length  of  drd  molar 

0-41 

0-42 

0-49 

0-60 

085 

0-35 

0-28 

Width  of        ditto         

0-46 

0-48 

0-53 

0-60 

0-48 

0'41 

0-3O 

1 
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Table  ^hovnng  relative  lengths  of  first  upper  true  molar  and  last  premolar  in  the  higher 

Primates. 


Length   of  let 
molar. 

Length  of    lait 
premolar. 

Diifbrwnoe  between 
these  lengths. 

Ok 

^1 

|l5 

Siwalikjaw 

0-46 

0-80 

015 

0-30 

0-00 

Haman  $              ...            i.«             ...            ... 

0-36 

0-26 

Oil 

0-24 

001 

Troglodytes  niger  S 

045 

0*62 

018 

0-30 

002 

Simla  satyruB  $    ... 

0-50 

0-89 

013 

083 

0*06 

Ditto         $    ... 

043 

0-36 

007 

028 

0^ 

Hylobates  syndactylas         ...            ... 

0-28 

0-25 

003 

0-18 

0-07 

Troglodytes  gorilla 

0-66 

0-48 

0-07 

0-86 

012 

The  first  of  these  two  tables  exliibits  merely  the  absolute  dimensions  of  the 

different  teeth ;  while  the  second  is  intended  to  show  the  relative  lengths  of  the 

first  molar  and  the  last  premolar  in  the  same  group.     In  the  fourth  column  of 

that  table  is  given  what  would  be  the  length  of  the  last  premolar,  if  that  tooth 

bore  the  same  relationship  as  regards  length  to  the  first  true  molar,  which  it  does 

in  the  Siwalik  jaw.     From  that  table  it  will  be  seen  that  the  new  jaw  is  distin. 

gxdshed  from  the  jaws  of   all  other  Primates  by  the  relative  smallness  of  the 

antero-posterior  diameter  of  the  last  premolar ;  this  shortness  is  in  excess  of  what 

occurs  in  man,  in  which  the  same  premolar  is  relatively  shorter  than  in  all  the 

other  higher  Primates  ;  next  to  noian  in  this  respect  comes  the  chimpanzee,  then 

the  orang,  and  last  of  all  the  gorilla ;  and  it  is  worthy  of  notice  that  the  two 

species  which  (excepting  man)  exhibit  the  greatest  variety  in  this  respect  are 

placed  in  the  same  genus.     Professor  Owen,  at  page  44S  of  his  "  Odontography," 

notices  the  small  antero-posterior  diameter  of  the  premolars  in  the  chimpansBee, 

as  distinguisbing  it  from  the  orang,  and  approximating  it  to  man.     The  new 

Siwalik  jaw,  as  we  have  seen,  stands  on  the  opposite  side  of  man  to  the  chimpanzee 

in  this  respect,  and  therefore  should  be  still  more  removed  from  the  orang.     The 

new  jaw  agrees  with  that  of  the  orang,  gorilla,  and  chimpanzee,  in  having  the 

molar  series  approximately  straight,  and  with  no  indications  of  the  horse-shoe 

form  which  occurs  in  the  human  subject ;  it  therefore  belongs  to  a  true  ape. 

Turning  our  attention  once  again  to  the  first  of  the  two  tables  of  measure- 
ments, we  may  note  in  what  other  respects  the  fossil  jaw  resembles  or  differs 
from  the  jaws  of  the  orang,  the  chimpanzee,  the  gorilla,  and  man.     In   regard  to 
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the  relative  length  of  the  last  molar,  we  find  that  the  fossil  agrees  most  closely 
with  the  chimpanzee  and  man,  in  both  of  which  this  tooth  is  much  shorter  than 
either  of  the  other  true  molars.  In  the  orang  there  is  a  yery  slight  difference 
between  the  lengths  of  the  first  and  the  third  true  molars  ;  in  the  gorilla,  on  the 
other  hand,  the  last  molar  is  much  larger  than  the  first.  This  difference  in  the 
relative  lengths  of  the  first  and  last  molars  in  the  gorilla,  and  the  Siwalik  jaw, 
together  with  the  difference  which  we  have  already  seen  to  obtain  between  the 
last  premolars  of  the  same,  renders  it  evident  that  there  is  no  great  affinity 
between  these  two,  and  makes  it  unnecessary  to  carry  our  comparisons  any  further 
in  this  direction. 

Comparing  the  dimensions  of  the  molars  of  the  fossil  jaw  with  those  of  the 
female  orang,  we  find  that  the  true  molars  of  the  former  are  larger  than  those 
of  the  latter,  and  that  the  united  length  of  the  true  molars  is  also  greater.  When, 
however,  we  take  the  whole  molar  series,  we  find  that  the  five  teeth  of  the  female 
oran^  have  an  absolutely  greater  united  length  than  the  same  five  teeth  in  the 
Siwalik  jaw,  this  being  of  course  due  to  the  small  size  of  the  premolars  in  the 
latter.  In  the  chimpanzee,  the  length  of  the  united  molar  series  is  less  than  in 
the  Siwalik  jaw,  but  the  united  length  of  the  two  premolars  is  greater,  while  the 
lengrth  of  the  three  true  molars  is  less :  the  proportions  in  the  human  jaw  are  in 
this  respect  nearest  to  the  fossil. 

Again,  in  the  width  (transverse  diameter)  of  the  base  of  the  outer  incisor,  the 
fossil  jaw  is  closer  to  man  than  to  any  of  the  large  apes.  In  man  there  is  no 
diasteuia  between  the  canine  and  the  incisor;  in  the  orang  this  diastema  is 
larger  than  in  the  chimpanzee,  which  in  this  respect  approaches  man.  In  the 
fossil  jacw  this  diastema  is  very  slightly  larger  than  in  the  orang. 

The  dimensions  of  the  base  of  the  canine  are  considerably  stouter  in  the 
fossil  jaw  than  in  either  the  female  orang  or  the  male  chimpanzee,  and  approach 
those  of  the  male  orang  and  gorilla ;  though  the  shortness  of  the  crown  proves, 
as  we  said,  that  our  specimen  belongs  to  a  female.  In  the  female  orang  there  is 
a  disk  of  wear  on  the  posterior  border  of  the  canine,  which  does  not  occur  in  the 
fossil  specimen. 

The  following  summary  exhibits  the  points  of  resemblance  and  difference 
between  the  fossil  jaw  and  the  jaws  of  man,  the  [chimpanzee,  and  the  orang, 
which  are  the  only  three  species  which  are  closely  related  to  it : — 

Mak. 

£«Mm&2a»c««.~ Shortness  of  premolAn ;  small  size  of  last  molar  and  of  incisor. 
Dt^'bvnctff.^Straight  line  of  teeth ;  large  canine  and  diastema. 

CHIKPAirZXB. 

lUtemblameet. — Straight  line  of  teeth ;  shortness  of  [nmmolars  in  a  less  degree ;  small  sise  of 
last  molar;  large  canine  and  diastema. 
Di/Vrmces.' Small  incisor. 
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Obano. 

Sesemblances, — Straight  Ime  of  teeth ;  hurge  canine  and  diastema. 

Viff'erenees.'^BhoTtaeu  of  premolars;  small  size  of  last  molar;  difference  in  wear  of  canine; 
small  incisor. 

It  tliiis  seems  to  be  apparent  that  the  fossil  jaw  has  most  points  of  resem- 
blance with  the  chimpanzee,  and  that  when  it  differs  from  that  species  it  has  an 
nltra-human  character.  It  now  remains  to  consider  to  what  fossil  form  the  jaw 
presents  any  points  of  affinity,  and  we  will  first  direct  onr  attention  to  the  Siwalik 
Primates. 

As  regards  size  alone,  the  only  one  of  the  jaws  of  Siwalik  Primates  repre- 
sented in  Plate  XXIV  of  the  first  volume  of  the  "  Pals&ontological  Memoirs" 
which  could  possibly  have  any  affinity  to  our  specimen,  is  that  of  Semnopitheous 
subhimalayamts  (figs.  1  and  2)  ;  the  teeth  of  that  jaw,  however,  and  of  all  the 
specimens  on  the  same  plate,  are  of  the  semnopithecine  type,  and  have  therefore 
no  affinity  to  our  fossil.  The  same  remark  of  course  applies  to  the  teeth  of 
MacaciM  represented  in  figs.  3  and  4  of  the  plate  accompanying  this  paper. 

One  other  tooth  of  a  quadrumanous  animal  from  the  Siwaliks  is,  however, 
described  and  figured  by  Falconer  on  page  304  of  the  first  volume  of  the  *'  PalsB- 
ontological  Memoirs ;"  this  specimen  consists  of  the  crown  of  the  upper  canine  of 
a  large  ape  allied  to  the  orang;  the  specimen  evidently  belonged  to  a  male 
individual,  and  is  somewhat  larger  than  the  canine  of  the  male  orang.  Our 
fossil  jaw,  which,  as  we  have  already  seen,  belonged  to  a  female,  has  teeth  some- 
what larger  than  those  of  the  female  orang ;  there  is  therefore  every  probability 
that  Falconer's  canine  and  our  new  jaw  belonged  to  the  same  species. 

Turning,  now,  to  the  fossil  quadrumanous  animals  of  Europe,  the  only  three 
genera  with  which  I  am  acquainted  which  are  likely  to  have  any  affinity  to  our 
specimens  are  Mesopithectu,  Pliopiiheous,  and  DryopUheaas, 

Mesopitlieeusy  from  the  Pikermi  beds,^  is  of  small  size,  and  is  regarded  as  being 
intermediate  between  Hylobatea  and  SemnopUhecus ;  the  teeth  are,  however,  dis- 
tinctly of  the  semnopithecine  type,  and  consequently  quite  different  from  those  of 
our  fossil. 

PliopUhecuSy*  from  the  Miocene  of  France  and  Switzerland,  is  also  of  small 
size,  and  resembles  Hylohates  so  closely,  that  it  is  referred  by  Professor  Butimeyer 
to  that  genus. 

DryopUhectLS,^  from  the  Miocene  of  France,  is  an  ape  of  larger  size,  which  is, 
I  believe,  only  known  from  the  lower  jaw  and  some  limb-bones,  and  which  from 
the  small  size  of  the  canine  and  diastema  is  regarded  as  having  an  affinity  to 

1  <*  Animanx  fossiles  et  Geologic  de  I'Attiqne/'  Qandry,  Fl.  I. 

a  Lartet :  «  Comptes  Rendns,"  Vol.  8,  p.  222,  and  plate.  Heer  :  •«  PrimKml  World  of  Switzer- 
land," Vol.  II,  p.  82,  PI.  XL 

*  Lartet :  aup  cit.    Owen,  •*  Palseontology,"  p.  888. 
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man.  The  antero-posterior  extent  of  the  second  premolar,  according  to  Professor 
Owen,  is,  howeyer,  greater  than  in  the  chimpanzee,  and  therefore  stil]  greater 
than  in  the  Siwalik  fossil;  the  latter,  however,  agrees  with  DryopitJiscus  in 
haying  narrow  incisors. 

Reyiewing  the  whole  of  the  foregoing  facts,  it  does  not  appear  that  our  fossil 
jaw  agrees  precisely  with  the  jaw  of  any  known  living  or  fossil  anthropoid  ape, 
thongh  it  seems  to  make  the  nearest  approach  to  that  of  the  chimpanzee,  and 
also  shows  some  points  of  affinity  with  the  jaws  of  man,  BryopitliecuSy  and  the 
orange.  The  resemhlance  between  the  Siwalik  jaw  and  that  of  the  chimpanzee 
does  not,  however,  appear  to  me  to  be  so  close  as  to  warrant  onr  classing  the  two 
nnder  the  same  genus,  because,  with  the  very  marked  difference  which  occurs  in 
the  relative  dimensions  of  the  last  premolars  in  the  two  jaws,  there  is  every  pro- 
bability that  equally  well  marked  difEerences  existed  between  the  crania  of  the 
two  animals.  It  must,  however,  be  again  borne  in  mind  that  the  chimpanzee 
and  the  gorilla,  whiph  present  such  difference  in  the  form  of  this  tooth,  are  classed 
in  the  same  genus. 

Since  I  do  not  think  that  we  are  justified  in  referring  the  Siwalik  jaw  to  any 
known  genus,  I  propose  to  form  for  it  the  new  generic  name  '  Pal<BopUhecu8f' 
with  the  specific  affix  of  '  sivalensis.* 

I  can  only  hope  that  on  some  future  occasion  we  may  be  fortunate  enough  to 
come  across  the  cranium  of  this  most  interesting  relic  of  the  past,  when  we  shall 
be  able  with  some  approach  to  certainty  to  assign  to  it  its  exact  affinities,  which 
with  our  present  meagre  specimens  we  can  only  vaguely  guess  at.  We  can  only 
say  that  there  lived  in  the  Siwalik  period  of  India,  a  huge  anthropoid  ape 
inter  mediate  in  size  between  the  orang  and  the  gorilla,  the  males  and  females 
of  which  were  provided  with  canines  exceeding  in  size  the  other  teeth,  and  that 
those  of  the  former  bore  about  the  same  proportion  to  those  of  the  latter  as  we 
find  prevailing  in  the  living  anthropoid  apes.  Further,  in  the  form  of  its  teeth, 
this  ape  was  nearest  to  the  chimpanzee ;  but  in  the  points  in  which  it  differed 
from  that  species,  it  shows  great  resemblances  to  the  teeth  of  man. 

I  will  conclude  this  notice  with  a  few  general  considerations  regarding  the 
past  and  present  distribution  of  the  anthropoid  apes.  If  this  distribution  in  time 
and  space  be  tabulated,  as  is  done  in  the  accompanying  note,^  it  will,  I  think,  be 
apparent  that  such  living  and  fossil  anthropoid  apes  as  we  are  now  acquainted  with 
are  merely  a  few  from  a  large  number  of  species  which  once  existed  on  the  earth. 


Miocene. 


•  TroglodyUt 
Simla  ... 

I*aUBOpiiheeft9    ... 
Z>ryopiihecu4 
S$lobate4  . 


Pliocene. 


N.  India. 


W.  Europe. 


PliopUkecHM(=H^lotaies7)  W.  Europe. 


Becent. 
W.Africa. 
Borneo  and  Suma- 
tra. 


Malaya,       Assam, 
and  China. 
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Further,  it  seems  hardly  to  admit  of  doubt  that  three  such  closely  allied  genera  as 
Troglodytes^  Paloeopithecus^  and  Simia  must  have  had  a  common  parentage  and  a 
common  ancestral  home.  For  three  tropical  or  sub-tropical  genera  inhabiting 
respectively  Western  Africa,  Northern  India,  and  Sumatra  and  Borneo,  the  un- 
known common  home  may  hav%  possibly  been  situated  in  the  Indian  Ocean,  being 
in  fact  the  hypothetical  sunken  southern  continent,  whether  it  be  called  '  Lemuria, 
*  Indo- Oceania,'  or  what  not,  to  the  former  existence  of  which  so  many  separate  lines 
of  evidence  point.  This  vanished  land  was  probably  once  the  common  home  of  the 
African  and  Indian  ostriches,^  which  must  have  had  a  common  centre  of  dis- 
persion. Here  also  we  may  possibly  look  for  the  old  home  of  the  Manis  of  Siwalik 
and  modem  India,  and  of  modem  Africa. 

If  this  hypothetical  sunken  southern  continent'  was  the  centre  of  dispersion  of 
the  anthropoid  Primates,  it  is  not  improbable,  nay  rather  it  is  almost  certain,  that 
numbers  of  species  and  genera  must  have  lived  and  died,  and  finally  become  extinct, 
on  that  continent,  and  that  only  some  of  their  descendants  reached  the  borders  of 
that  continent — ^in  other  words,  Africa,  India,  and  Borneo.  If  this  be  so,  it  is 
probable  that  all  records  of  some  anthropoid  Primates  have  long  since,  and  for  ever, 
been  entirely  removed  from  human  cognizance,  while  it  is  possible  that  among 
these  may  have  been  forms  nearer  to  man  than  any  of  those  of  which  we  have  any 
records.  On  this  supposition  it  is  possible  that  we  may  never  discover  the 
"  missing  links."  On  the  other  hand,  we  have  in  the  tropical  countries  which 
border  the  Indian  Seas  the  probable  periphery  of  this  sunken  continent,  and  it 
is  among  the  unexplored  tertiaries  of  these  countries  that  we  may  yet  hope  to 
find  fossil  forms  of  PrimateSy  which  may  tend  to  bridge  the  great  gulf  which 
now  exists  between  the  highest  known  ape  and  man.  Of  these  countries,  the 
geology  of  Africa  and  Sumatra  and  Borneo  is  virtually  unknown.  In  India  only 
a  few  scattered  localities  have  hitherto  yielded  mammalian  remains,  and  remains 
of  Primates  are  of  extremely  rare  occurrence  in  them.  Thus,  in  the  much- 
worked  SiwaHks  we  only  know  of  two  specimens  of  the  remains  of  anthropoid 
apes,  which  have  been  discovered  at  an  interval  of  many  years  apart,  among 
thousands  of  specimens  obtained.  There  is,  therefore,  no  reason  to  assume  that 
other  forms  of  anthropoid  apes  did  not  exist  in  that  period.  In  Central  and 
Southern  India,  with  the  exception  of  the  little  known  Perim  beds,  we  have  no 
equivalents  of  the  Siwaliks  ;  and  there  is  here  therefore  abundant  room  for  older 
Primates  to  have  existed  without  our  having  the  least  knowledge  of  them. 

In  the  newer  Nerbudda  group  scarcely  any  small  fossils  have  been  col- 
lected ;   and  yet  there  is  an  absolute    certainty  that  many  forms  of  Primates 

>  Stbitthio  abiaticus,  M. -Edwards,  "  Oiseaoz  Fossiles  de  la  France/'  Vol.  II,  p.  687,  and 
article  in  present  number. 

s  Mr.  Wallace  ("  Tropical  Nature, "  p.  829)  has  come  to  the  conclusion  that  "  Lemuria  "  never 
existed,  or  that  it  at  all  events  must  have  disappeared  before  the  miocene.  There  appears  to  me, 
however,  to  be  a  great  weight  of  evidence  in  favor  of  a  former  land  connection  between  the 
continents  of  the  old  world,  though  this  connection  may  very  possibly  have  disappeared  in  com- 
paratively early  Tertiary  times. 
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must  have  existed  at  that  time,  manj  of  which  were  probably  distinct  from 
liying  species. 

Our  knowledge,  therefore,  of  the  tertiary  faunas  of  the  Tropics  and 
8ab-Tropic8  is  really  extremely  slight ;  and  nntil  this  slight  knowledge  has  keen 
amplified  by  the  fullest  explanation  of  every  tertiary  rock  stratum  in  Africa, 
India,  and  Malaya,  no  one  is  entitled  to  assert  that  man  and  the  anthropoid 
apes  had  no  common  ancestor,  because  no  such  ancestor  has  hitherto  been 
diBOovered ;  and  even  if  such  exploration  were  made  without  results,  there  remains 
the  hypothetical  sunken  southern  continent,  with  the  disappearance  of  which  may 
also  have  disappeared  the  "  missing  links.  "^ 

Finally,  one  other  lesson  is  to  be  learnt  from  the  Siwalik  ape.  We  know 
that  the  living  anthropoid  apes  dwell  only  in  the  deepest  gloom  and  solitude  of 
primeval  forests,  where  vegetation  grows  luxuriously,  and  offers  a  constant  supply 
of  fruits  throughout  the  year.  From  this  we  may  probably  infer  that  the 
Siwalik  ape  inhabited  a  similar  forest-clad  country,  and  that,  consequently,  the 
present  Siwalik  area  of  the  Punjab  was  in  parts  at  all  events  clothed  with  forests  in 
which  dwelt  the  FoLUBopithecuSf  instead  of  being,  as  now,  a  sun-scorched  and  some- 
what desolate  region.  Evidence  of  the  former  existence  of  these  forests  is,  as  I 
have  previously  remarked,^  afforded  us  by  the  occurrence  of  numbers  of  fossil 
tree-stems  in  various  parts  of  the  Siwaliks. 

Macacus  siVALiNSis,  noUs. 

In  figs.  2  and  4  of  the  accompanying  plate  are  represented  the  two  frag- 
mentary upper  jaws  of  ifococttf  BwaleM\8^  which  were  described  by  me  on  page  66 
of  the  last  volume  of  the  "Becords/'  and  which,  therefore,  need  no  further 
notice  on  the  present  occasion. 

aODENTIA. 
Bhizomts  8IVALENSI8,  nchis. 

The  specimen  drawn  in  fig.  3  of  the  same  plate  is  a  fragment  of  the  left 
ramus  of  the  mandible  of  the  BMzotMfB  described  by  me  at  page  100  of  the  last 
volume  of  the  *'  Becords,"  and  which  I  then  considered  to  belong  in  all  proba- 
bilitj  to  a  new  species.  The  first  molar  has  been  broken  away  in  the  specimen 
but  the  second  and  third  molars  are  in  excellent  preservation;  the  greater 
part  of  the  incisor  is  seen  on  the  inferior  border. 

PROBOSCIDIA. 

DiNOTHXBIUM  IHDICUM,   Falc. 

A  detached  first  lower  true  molar  of  a  Dinotherium  has  been  obtained 
through  Mr.  Blanford  from  the  Laki  Hills  of  Sind,  which  is  larger  than  and  of 
different  shape  from  the  corresponding  tooth  in  the    lower  jaw  of  Dinotherium 

'  See  an  article  on  this  subject  in  the  Qnarterly  Journal  of  Science  for  October  1878. 
'  Uec.  GeoL  Sonr.  India,  Vol.  IX,  p.  100. 

r 
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peniapotamuB  from  Sind,  noticed  at  page  75  of  the  last  yoltime  of  the  ''  Records  '\ 
and  which  agrees  so  exactly,  as  regards  dimensions,  with  the  base  of  the  oorro- 
sponding  tooth  in  the  lower  jaw  of  D.  indicum  from  Perim  Island  represented  in 
fig.  6  of  plate  35  of  the  ^'  Fanna  Antiqoa  Sivalensis,"  that  I  have  considered 
it  to  belong  to  that  species. 

The  tooth  is  considerably  worn,  and  carries  three  equal  sized  transverse 
ridges,  which  show  no  sign  of  a  median  longitudinal  division,  which,  with  the 
blnntness  of  the  ridges,  shows  that  the  tooth  did  not  belong  to  a  Trilophodont 
Mastodon,  The  tooth  is  relatively  narrow  in  proportion  to  its  length,  which 
shows  that  it  belongs  to  the  lower  jaw,  while  the  greater  elevation  of  the  inner 
side  of  the  ridges  shows  that  it  belonged  to  the  left  side.  On  the  outer  and 
posterior  sides  of  the  tooth  there  is  a  large  thick  cing^um. 

I  have  given  below  the  dimensions  of  this  tooth,  together  with  those  of  the 
corresponding  tooth  of  P.  gigarU^um  in  the  large  Eppelsheim  cranium,  and  of  the 
corresponding  tooth  in  the  above-mentioned  jaw  of  D.  pentapoiamicB : — 

New  tooth.  D.giganieim,  D.peniapotamim. 
Length  of  tooth         ...                ...                ...                89                     8*5  2*36 

Width  of  let  ridge     ...  ...  ...  2  6  26  1-8 

„      of  2nd      „       ...  ...  ...  2-6  26  18 

„      of  3rd     „       ...  ...  ...  2-4  2*2  1*7 

The  tooth  is  slightly  larger  than  the  corresponding  molar  of  P.  gigantewm^ 
in  which  it  agrees  with  Falconer's  fragment,  and  is  far  too  large  to  have  belonged 
to  B.  pentapotamicB  ;  it  is  further  distinguished  from  the  same  tooth  in  both  those 
species  by  the  presence  of  the  large  cingulum. 

If  now  we  turn  to  the  description  of  the  above-mentioned  jaw  of  D.  indicum 
on  page  407  of  the  first  volume  of  the  "  Paladontological  Memoirs,  "^  we  shall 
find  that  the  dimensions  of  the  base  of  the  crown  of  the  first  true  molar  are 
as  follows — ^length  4,  width  2*8 ;  these  dimensions  agreeing  very  closely  with  those 
of  our  new  tooth.  The  latter  further  agrees  with  a  fragmentary  tooth  of  D. 
indicum  from  Perim  Island,  described  by  Dr.  Falconer  at  page  397  of  the  first 
volume  of  the  "  PalaBontological  Memoirs,"  in  the  great  thickness  of  the  enamel, 
which  in  both  measures  0*25  inch ;  in  D.  perUapotamuB  and  D.  giganteu^  the 
enamel  is  much  thinner.  Although,  therefore,  the  perfect  corresponding  tooth 
of  D.  indicum  is  unknown,  I  think  on  the  above  grounds  I  am  justified  in  refer- 
ing  the  new  tooth  to  that  species.  This  identification  is  of  great  importance 
in  connecting  the  horizon  of  the  Perim  Island  apd  Sind  rocks  as  I  shall  have 
occasion  to  note  more  fully  below. 

A  portion  of  another  tooth  of  a  large  Binotherium  has  been  received  among 
a  collection  made  by  the  late  Dr.  Verchere,  which  appears  to  have  come  from 

»   P.  397. 
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Dera  Oliazi  Khan,  and  wUcli  seems  undoubtedly  to  belong  to  the  same  species. 
The  specimen  consists  of  the  last  ridge  of  a  third  upper  molar  of  the  left  side, 
but  Teiy  little  worn.  Its  dimensions  are  given  below,  together  with  those  of  the 
second  upper  molar  of  D,  pef^tapotamuBt  described  at  page  55  of  the  second  fasciculus 
of  the  tenth  series  of  the  '*  Palaeontologia  Indica»"  and  also  with  those  of  the 
same  tooth  of  D.  gigatUeum  .*-^ 

D.  indieum,  D.  gigantenm,        D.  peniapotamim. 

Width  of  last  ridge    ...  ...  ...  8*7  3*4  2*3 

ThiekneflB  of  base  of  ridge  ...  ...  1*8  16  1*1 

The  new  tooth  differs  from  the  figured  specimen  of  2>.  perUapotamias  in 
haying  no  ledge  on  the  hinder  side  of  the  last  ridge,  and  in  the  ridge  itself  being 
somewhat  less  curved  ;  it  agrees  with  the  other  teeth  of  D,  indicum  in  having 
veiy  thick  enamel,  and  being  slightly  larger  than  the  corresponding  tooth  of 
D.  giganieum  ;  there  is  a  tubercle  on  the  inner  side  of  the  transverse  valley. 

New  sfbcies  of  Dinothebium. 

In  addition  to  Dxnoikerium  indicum  and  P.  perUapotamia,  we  have  now  evi- 
dence of  a  third  species  of  Indian  species  of  the  genus.  The  specimen  from 
which  this  evidence  is  derived  consists  of  a  portion  of  the  lower  jaw,  containing  the 
two  last  molars,  collected  by  Mr.  Fedden  in  Sind.  The  jaw  and  teeth  are  much 
smaller  than  those  of  D,  pentapotamicB ;  the  characteristic  point  of  the  jaw  is, 
however,  its  cylindrical  form,  in  which  respect  it  differs  from  all  other  species  of 
the  genus. 

Genus  MASTODON. 

Of  the  genus  Mastodon^  Mr.  Theobald's  last  collection  contains  a  g^reat 
number  of  specimens  of  the  jaws  and  teeth,  some  of  which  are  of  great  interest^ 
and  add  considerably  to  our  knowledge  of  these  animals.  A  few  of  the  most 
interesting  specimens  are  noticed  here  cursorily,  as  it  will  be  a  long  time  before 
I  shall  be  able  to  describe  them  in  detail. 

MiSTODON   PANDIONTS,  Falo. 

The  first  specimen  in  this  collection  which  calls  for  especial  notice  is  a  portion 
of  the  mandible  of  a  Mastodon,  which  cannot  be  referred  to  any  of  the  previously 
known  SiwaJik  species.  The  specimen  comprises  a  portion  of  the  horizontal 
famus  with  two  molars,  and  the  symphysis  of  the  mandible ;  the  intermediate 
portion  of  the  specimen  was  also  discovered,  but  unfortunately  crumbled  to  dust 
during  its  transit  down  country.  The  most  noticeable  portion  of  this  jaw  is  the 
symphysis,  of  which  the  part  now  remaining  has  a  length  of  22  inches ;  this  part 
is  laterally  compressed,  and  on  its  upper  surface  is  excavated  by  a  large  groove 
upwards  of  5  inches  in  depth  at  its  proximal  extremity. 

The  one  complete  tooth  in  this  jaw  carries  four  transverse  ridges  and  a  hind 
talon ;  its  length  is  8*5,  and  its  width  S'7  inches  ;  this  tooth  is  the  last  true  molar, 
and  the  jaw  therefore  belongs  to  a  Trilophodon.    The  crown  of  the  penultimate 
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molar  is  unf ortunatelj  broken  away,  but  from  the  small  size  of  its  base,  I  imagine 
that  it  could  only  have  carried  tbree  ridges.  The  last  molar  has  a  very  deep 
longitudinal  valley,  which  divides  each  transverse  ridge  into  a  distinct  outer  and 
inner  column ;  large  accessory  columns  are  placed  in  the  valleys,  which  are  in 
consequence  completely  blocked.  The  disks  of  wear  of  the  columns  form 
irregular  circles  ;  the  tooth  has  some  resemblance  to  some  varieties  of  the  molars 
of  M,  sivalensiSf  in  which  the  alternate  arrangement  of  the  colunms  is  less  pro- 
nounced than  usual ;  the  last  molar  of  the  latter  has,  however,  five  or  six  ridges. 
When  complete,  the  distal  extremity  of  the  mandible  must  have  been  at  least  30 
inches  in  advance  of  the  last  molar. 

There  are  no  tusks  in  this  specimen;  among  Mr.  Theobald's  collection, 
however,  there  is  the  distal  extremity  of  an  elongated  mandibular  symphysis  of  a 
species  of  Mastodon^  which  carries  portions  of  two  very  large  tusks.  This 
mandibular  rostrum  cannot  belong  to  any  of  the  described  species  of  Siwalik 
Mastodon ;  and  as  it  agrees  in  form  with  the  last  specimen,  I  consider  it  probable 
that  both  belonged  to  the  same  species ;  the  tusked  jaw  being  that  of  a  maJe,  and 
the  tuskless  that  of  a  female  individual.  The  fragments  of  tusks  remaining  in 
the  specimen  are  only  some  10  inches  in  length;  they  are  much  compressed 
laterally,  the  transverse  section  being  pear-shaped,  having  the  thinner  end  up- 
wards. The  inferior  border  of  the  fragments  is  convex,  and  the  superior  border 
concave ;  the  vertical  diameter  is  3*2  inches,  and  the  transverse  diameter  at  the 
thickest  part  I'll  inches. 

Another  specimen  of  the  mandible  of  a  trilophodont  Mastodon  broken  off  at 
the  symphysis,  carries  two  molars,  which  are  respectively  the  penultimate  and  last. 
The  second  of  these  teeth  agrees  precisely  with  the  corresponding  tooth  of  the 
last  specimen  of  the  mandible,  but  being  less  worn,  is  more  suitable  for  descrip- 
tion ;  the  identity  of  these  teeth  shows  that  the  two  mandibles  belonged  to  the 
same  species.  The  penultimate  tooth  in  the  second  mandible  carries  three  ridges 
and  a  hind  talon,  which  proves  that  the  first  jaw  belongs  to  a  Trilophodon,  In 
these  teeth  each  ridge  is  divided  by  a  longitudinal  channel  into  an  inner  and  an 
outer  column ;  each  outer  column  gives  off  an  accessory  column  from  either  side, 
which  together  project  obliquely  into  and  quite  block  the  transverse  valleys. 
The  whole  arrangement  of  the  columns  on  the  outer  side  form  a  zigzag  arrange- 
ment ;  while  the  summit  of  each  column  wears  into  a  circle. 

Now,  the  only  two  known  Indian  trilophodons  are  If.  fdlconert  and  If. 
pandionis  ;  the  molars  of  the  former  I  have  not  yet  been  able  to  describe.  The 
penultimate  lower  molar  of  that  species  is,  however,  much  larger  than  the  same 
tooth  in  our  new  specimens,  and  has  nearly  open  valleys,  with  distinct  and  clear 
ridgesy  whose  summits  wear  into  trefoils  and  not  into  circles.  I  shall  hope 
shortly  to  be  able  to  show  by  a  figure  the  complete  distinctness  of  these  two 
teeth.  The  jaws  of  the  two  are  further  very  different — that  of  M.falcaneH 
being  thick  and  rounded,  while  the  present  specimens  are  thin  and  flat. 

Of  if.  pandicms  a  description  of  the  penultimate  upper  molar  will  be  found 
at  page  124  of  the  first  volume  of  the  "  Palsdontological  Memoirs  of  Dr.  Fal- 
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coner " ;  if  the  description  of  that  tooth  be  compared  with  that  of  the  corre- 
sponding lower  tooth  noticed  above,  it  will  be  seen  that  the  two  agree  precisely, 
except  that  one  is  the  reverse  of  the  other,  as  is  always  the  case  in  upper  and 
lower  molars.  I  have  therefore  no  doubt  but  that  these  new  jaws  belong  to  M, 
pandionxs^  which  was  consequently  a  species  provided  with  a  long  spatulate 
mandible,  and  of  which  the  male  carried  inferior  tusks. 

The  interest  of  this  discovery  of  M,  pandionis  in  the  Siwaliks  is  very  great ; 
the  other  known  teeth  are  said  to  have  been  obtained  from  the  Deccan  from 
deposits  supposed  by  Falconer*  to  be  of  pliocene  age ;  wherever  they  came  from, 
it  is  now  probable  that  they  belong  to  the  same  period  as  that  in  which  lived  the 
other  animals  of  the  Siwalik  fauna.  In  cataloguing  the  fossil  Frohosddia  in  the 
Indian  Museum,  I  have  lately  come  across  a  last  milk-molar  of  a  trilophodont 
Mastodon  from  Perim  Island  which  seems  undoubtedly  to  belong  to  the  same 
species. 

In  treating  of  M.  pandionU  at  page  124  of  the  first  volume  of  the  ''  PalsBon- 
iological  Memoirs, "  Dr.  Falconer  remarks  on  the  great  similarity  of  the  general 
plan  of  the  teeth  of  If.  pandionia  and  3f .  angudidens,  the  plan  of  the  former 
being,  however,  rather  the  more  complex  of  the  two.  It  is  interesting  to  observe 
how  this  similarity  of  plan  in  the  structure  of  the  teeth  extends  into  as  much 
as  we  know  of  the  osteology  of  the  two  animals ;  thus  the  newly  discovered 
specimens  reveal  to  us  that  both  the  species  were  furnished  with  a  long  spatulate 
symphysis  to  the  mandible,  tuskless  in  the  female,  but  in  the  male  provided  with 
a  pair  of  relatively  large  and  slightly^curved  tusks.  From  this  similarity  in  struc- 
ture we  may,  I  think,  infer  that  these  two  species  of  Mastodon  were  very  closely 
related  to  one  another,  and  that  it  is  not  impossible  that  at  no  relatively  distant 
epoch  they  must  have  had  a  common  parentage.  One  veiy  important  difference, 
however,  exists  in  the  structure  of  the  teeth  of  the  two  species,  which  is  that  in 
J£  pandionis  (though  this  is  not  mentioned  in  Falconer's  specimen)  there  is  a 
large  quantity  of  cement  in  the  valleys,  which  is  entirely  wanting  in  the  molars 
of  If.  angudidens. 

Mastodon  ferihinsis,  Falc.  &  Caut. 

Two  very  interesting  points  in  relation  to  the  dentition  of  this  species  are 
shewn  among  Mr.  Theobald's  last  collection ;  one  of  them  is,  that  this  species, 
like  if.  UUidenSy  was  provided  with  an  ultimate  upper  premolar,  and  the  other 
that  the  species  carried  tusks  in  the  mandible.  The  specimen  proving  the  ex- 
istence of  an  upper  premolar  consists  of  a  portion  of  the  left  maxilla  con- 
taining two  teeth ;  the  hinder  of  these  teeth  is  4J  inches  in  length,  carries  four 
transverse  ridges,  and  small  fore-and-aft  talons ;  the  anterior  tooth  has  not  yet 
come  into  wear,  being  only  in  germ,  and  having  its  masticating  surface  on  a 
level  with  the  base  of  the  crown  of  the  hinder  tooth,  which  proves  it  to  be  a 
premolar,  which  has  only  just  displaced  the  milk-molar  which  it  has  succeeded. 

I  Pal.  Mem.,  Vol.  II,  (able,  p.  li. 
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The  premolar  is  rounded,  and  carries  two  transverse  ridges  and  two  small  talons. 
The  larger  tooth  corresponds  exactly  in  form  with  the  first  or  antepenultimate 
molar  of  M,  perifnensis  from  Perim  Island,  represented  on  plate  9  of  the  first 
Yolnme  of  the  *'  Paleontological  Memoirs  of  Dr.  Falconer,"  and  which  is  now 
in  the  Indian  Mnseunu  Mr.  Theobald's  specimen  is>  however,  rather  the  smaller 
of  the  two.  From  the  large  size  of  the  premolar  in  the  new  jaw,  I  think  that 
that  tooth  mnst  be  the  last,  and  that  the  tooth  which  it  has  replaced  mnst  con- 
sequent! j  have  been  the  last  milk-molar ;  the  second  tooth  will  consequently  be 
the  first  or  antepenultimate  true  molar,  and  will  correspond  to  the  above- 
mentioned  specimen  of  Falconer's :  the  slight  difference  in  size  of  the  two  speci- 
mens is  very  probably  due  to  difference  of  sex. 

I  have  already  mentioned  at  page  71  of  the  last  volume  of  the  "  Records  '* 
the  discovery  of  a  complete  mandible  of  this  species,  and  of  the  possible  occur- 
rence of  lower  tusks.  Two  specimens  of  the  symphysis  of  the  mandible  of  the 
same  species  in  Mr.  Theobald's  last  collection  have  now  made  it  certain  that 
certain  individuals,  probably  males,  were  furnished  with  small  mandibular  tusks. 
Both  the  new  specimens  have  been  fractured,  and  exhibit  sections  of  the  tusks 
in  their  alveoli  ;  these  tusks  were  of  small  size,  and  show  an  oval  cross-section, 
of  which  the  vertical  diameter  in  the  middle  of  the  symphysis  is  1*6  inches, 
and  the  transverse  diameter  1*3. 

PERISSODACTYLA. 

ACEBOTHEBIUM   PBBIMEN8E,  Falc.  &  Gaut. 

The  discovery  of  a  nearly  complete  cranium  of  this  species  in  the  Siwaliks 
of  the  Punjab  by  Mr.  Theobald  is  of  great  interest,  as  only  very  fragmentary 
remains  of  the  species  have  hitherto  been  known.  The  new  cranium  is  further 
interesting,  as  showing  the  accuracy  of  Falconer's  opinion  (formed  on  the  evi- 
dence of  a  few  generally  imperfect  teeth),  that  the  Perim  Island  Hhinoceros 
was  hornless,  and  belonged  to  the  genus  Acerotheriwn. 

The  cranium,  with  the  exception  of  a  few  minor  injuries,  only  lacks  the 
extremity  of  the  nasals,  and  maxillsB  and  premaxillfla,  together  with  the  greater 
part  of  the  zygomatic  arches,  to  be  complete,  and  is  generally  in  a  very  excellent 
state  of  preservation.  As  I  shall  hope  on  a  future  occasion  to  give  a  figure  and 
a  more  detailed  description  of  this  cranium,  it  will  only  be  noticed  very  shortly 
here. 

The  cranium  is  that  of  a  fully  adult  animal,  the  permanent  molars  being 
greatly  worn  down,  and  the  cranial  sutures  mostly  obliterated ;  it  is  also  of  huge 
dimensions.  It  is  at  once  distinguished  from  the  three  species  of  true  SiwaHk 
Rhinoceros,  of  which  figures  of  the  cranium  are  given  in  the  "  Fauna  Antiqua 
Sivalensis  "  by  its  straight  profile,  in  place  of  the  highly  curved  profile  which 
characterizes  the  other  species.  It  is  further  distinguished  by  the  very  small 
size  of  the  nasals :  these  bones  are  unfortunately  broken  off  near  their  base,  but 
sufBcient  of  them  remains  to  show  that  they  formed  merely  a  short  conical  pro- 
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jection,  baying  no  resemblance  to  tbe  broad  and  curved  bones  wbicb  occur  in 
the  otber  species.  Tbe  transverse  diameter  of  tbe  base  of  these  bones  in  the 
new  cranium  is  only  3*3  inches,  whereas  in  the  smaller  crania  of  B,,  sivalensis 
and  B,  paladndiciM  it  is  5  ieuQd  about  4*8  inches  respectively,  and  in  the  large 
B.  plaiyrhinMs  is  upwards  of  6'5  inches.  Again,  the  base  of  the  nasals  in  the 
new  cranium  is  perfectly  smooth  even  on  the  upper  sur&bce,  shewing  that 
there  was  no  nasal  horn,  such  as  exists  in  the  other  species ;  the  fo>ntal8  are 
also  perfectly  smooth,  and  shew  no  signs  of  having  ever  carried  a  horn. 
The  cranium,  therefore,  is  truly  that  of  an  Acerothervumf  and  as  such  quite 
distinct  from  the  other  Siwalik  species  of  Rhinoceros. 

Together  with  this  cranium,,  Mr.  Theobald  has  sent  the  less  worn  upper 
dentition  of  another  individual  of  the  same  species,  which  is  in  a  better  state  for 
comparison  than  the  more  worn  dentition  of  the  cranium.  The  antepenultimate 
upper  premolar  in  both  these  specimens  agrees  exactly  with  the  corresponding 
tooth  represented  in  fig.  15  of  plate  75  of  the  **  Faima  Antiqua  Sivalensis," 
which  is  the  type  of  A,  jperimense;  the  true  molars  in  Mr.  Theobald's  specimens 
also  agree  with  the  fragmentary  molars  of  the  same  species  represented  on  the 
same  plate ;  the  new  cranium  may,  therefore,  be  safely  referred  to  A,  perimense. 

This  being  so,  the  complete  dentition  of  this  species  now  enables  me  to  cor- 
rect a  very  serious  error  into  which  I  had  fallen,  and  through  which  I  had  been 
led  to  form  a  new  species  of  Siwalik  Rhinoceros,  (B.  jplanidens),  though  working 
with  imperfect  materials. 

If  we  turn  to  figures  7  and  8  of  the  second  part  of  the  tenth  series  of  the 
"  PaJsBontologia  Indica,"  it  will  be  found  that  I  figured  two  imperfect  upper 
molars  of  a  Rhinoceros,  which  I  considered  to  be  different  from  the  corresponding 
teeth  of  any  other  species,  and  which  I  accordingly  referred  to  a  new  species 
under  the  name  of  B,  plantdens.  Subsequently  several  complete  upper  molars, 
and  a  considerable  portion  of  a  mandible,  together  with  an  upper  incisor,  aJl  of 
large  size,  were  obtained  by  Mr.  Theobald,  and  were  referred  to  under  the  same 
specific  name  at  page  96  of  the  last  volume  of  the  "  Records." 

Now,  the  true  molars  in  Mr.  Theobald's  two  latest  specimens  agree  precisely 
with  the  above-mentioned  upper  molars,  and  clearly  belong  to  the  same  species. 
It  is  therefore  clear  that  the  new  species  B.  planidens  must  be  merged  in 
A.  perimense. 

In  figure  5  of  Plate  YI  of  the  same  volume  of  the  '^'PalsBontologia  Indica" 
I  figured  two  teeth  of  A.  perimense,  which  I  considered  to  be  the  last  premolar 
and  the  first  true  molar,  because,  as  will  be  seen  by  the  figure,  the  second  of 
these  two  teeth  is  the  most  worn.  Considering  this  latter  tooth  to  be  a  true 
molar,  it  was  apparent  that  the  true  molar  referred  to  B.  planidens  could  not 
belong  to  A.  perimense.  A  comparison  of  the  two  teeth  in  question  with  the 
dentition  of  Mr.  Theobald's  specimens  shows,  however,  that  these  teeth  are  really 
the  first  and  second  premolars,  and  that  their  relative  rate  of  wear  must  be  an 
abnormality.     I  may  add  that  I  ought  to  have  known  that  these  two  teeth  must 
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have  been  the  two  middle  premolars,  because  no  such  discrepancy  in  size  occurs 
between  the  last  premolar  and  first  true  molar  as  occurs  between  these  two  teeth, 
while  the  smaller  tooth  is  of  too  small  dimensions  to  have  been  the  last  true 
molar.  I  may  add  that  the  tooth  represented  on  Plate  YI,  figure  2  of  the  above 
referred  to  volume  of  the  "  Palseontologia  Indica/'  as  the  first  true  molar  of 
A, perimensef  is  really  the  penultimate  premolar;  and  that  the  unnamed  tooth 
from  Sind,  represented  on  figure  6  of  the  same  plate,  seems  to  be  the  antepenulti- 
mate upper  premolar  of  the  same  species. 

On  a  future  occasion  I  shall  hope  to  be  able  to  give  figures  of  the  almost 
complete  upper  and  lower  dentition  of  the  present  species ;  and  I  cannot  but  regret 
that  I  have  previously  published  figures  of  such  very  imperfect  specimens.  It  is 
interesting  to  observe  that  A,  perimense  agreed  with  the  European  A.  iTidnvum, 
in  being  hornless,  and  in  being  furnished  with  a  single  pair  of  very  large  upper 
and  lower  incisors,  clearly  showing  that  the  absence  of  one  weapon  of  offence  or 
defence  is  compensated  for  by  the  greater  development  of  another. 

I  may  here  mention  that  we  seem  to  be  gradually  obtaining  evidence  that 
the  manmialian  fauna  of  the  Punjab  and  Sind  forms  a  connecting  link  between 
the  fauna  of  Perim  Island  on  the  one  hand  and  of  the  more  eastern  Siwaliks  on 
the  other.  Thus,  as  will  be  gathered  from  a  perusal  of  this  and  my  previous 
papers  in  the  Records,  we  have  in  the  Siwaliks  of  the  Punjab  and  Sind  the 
following  Perim  Island  mammals,  which  were  not  known  to  Falconer  from  the 
more  easterly  SiwaUks,  viz. : — 

Dinotheriam  indienm.     P.;  I*  P*  S. 
Maatodon  puidioais.    P. ;  I.  P.  Deocan  (P) 
Mastodon  perimensia.    P. ;  L  P.  8.  (?) 
Hyotheriam  nndieiiae.    P. ;  I.  S. 
Acerotheriom  perimeiue.    P. ;  I*  P.  S.  (?) 
Hippotheriam  theobaldL    P. ;  L  P* 

All  these  mammals  belong  to  old  forms,  and  seem  to  indicate  that  the  Perim  Island 
deposits  and  the  zone  in  which  they  occur  in  the  Punjab  ^position  unknown) 
are  low  down  in  the  series  and  correspond  to  the  older  Sind  Siwaliks. 

Diitrtbuiion  of  genera  of  Sitoalik  MammaU, 

Since  the  publication  of  my  paper  on  the  "Fossil  Mammalian  Fauna  of 
India  and  Burma, "  '  several  new  genera  have  been  added  to  these  fauna,  and 
the  distribution  of  the  previously  known  genera  has  been  further  elucidated.  I 
have  therefore  compiled  the  following  table  of  the  distribution  of  the  mammalian 
genera  in  the  Siwalik  and  the  other  tertiaries  below  the  Nerbudda  group,  which 
must  be  taken  as  superseding  the  tables  given  on  pages  90-92  of  my  above 
quoted  memoir. 
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Table  of  distrtbutum  in  India  of  Siwalik  Mammalian  Genera. 


Order. 

Genus, 

Burma. 

Sjlhet. 

Countrr 
east  of 

Jhelam  B. 

Pai^ab 
west  of 
Jbelam  E. 

8lnd. 

Periml. 

Pbimatss 

lUiBOpitheeas 

#•• 

X 

X 

.. . 

... 

Semnopitbecus 

•  •  • 

X 

••• 

.  ■• 

... 

- 

Hacacns 

•  •  • 

X 

X 

... 

... 

FBOaOSCIDIA      ... 

DiDotberinm... 

•  •« 

.•• 

X 

X 

X 

Mastodon 

X 

X 

X 

X 

X 

Stef^odon 

X 

X 

p 

... 

... 

Loxodon 

•.. 

X 

•  •. 

i.l 

•  •• 

Eaelephas     ..« 

... 

X 

... 

• .. 

... 

Uhoiti^ta 

Sns 

..* 

X 

X 

X 

X 

Artiodact^la     ... 

Hippohyiu    ... 

... 

X 

X 

•  •• 

X 

Tetnconodon 

... 

X 

X 

•  ■• 

... 

Hippopotanms 

X 

X 

p 

•  •• 

..« 

Sanitherium... 

•  •  . 

.  •* 

X 

•  •• 

..• 

Listriodon    ... 

... 

*•* 

X 

p 

... 

Hyotheriam... 

... 

•  •  • 

... 

X 

X 

Anthracotlierium 

•  «  • 

•  .• 

X 

X 

... 

Hemimcryz... 

•  .  . 

... 

... 

X 

*•• 

Sivameryx  ..• 

... 

■  •* 

... 

X 

... 

.. 

... 

•  •• 

X 

... 

Choeromeryx 

•  •• 

... 

... 

<  .. 

.*■ 

Merycopotamiui 

X 

X 

X 

... 

..  . 

Ohaliootherium 

•  •  • 

X 

... 

X 

.*• 

Camelns 

•  ■  » 

X 

•  •* 

... 

... 

Sivatheriniii  .•» 

•  •■ 

X 

«.. 

... 

••• 

Hydaspitherinm           .... 

•  •• 

.  •■ 

X 

... 

... 

l^shnntberiiim 

X 

•  •• 

p 

»  •  • 

... 

Bramatheriam 

■  .  . 

... 

... 

... 

X 

Ounelopardalis 

... 

X 

X 

«•. 

X 

Antilope 

... 

•- 

X 

X 

... 

X 
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Order. 

GonuB. 

Burma 

Sylhei. 

Conntry 

esKt  of 

Jhcliun  R 

Punjab 

west  of 

JheUm  B. 

8ind.       Perim  I. 

Ariiodactt/la    — 
contd. 

JJos 
Hemibog 

■  •  1 

> 

X 
X 

«  •  • 

? 

a  •  •                             ^ 

•  • 

Amphibos 

•  m 

» 

X 

? 

•  ■  ■ 

■  • 

Peribos 

•  • 

X 

•  •  ■ 

« 

Bubaius 

fl   • 

X 

•  •• 

•  •  « 

l«  • 

Hison 

■  ■ 

X 

•  •  • 

•  •  • 

•  • 

Capra 

•  • 

1 

X 

X 

•  •  • 

X 

m 

Dorcathcrimn 

■  • 

» 

X 

X 

k  •  • 

>  «  ■ 

Cervus         ...                ... 

P 

X 

X 

X 

•  •  » 

1  •  • 

Perissodacttfia  ... 

Acerothermin 

? 

? 

X 

X 

X 

Rhinoceros  ... 

X 

X 

X 

X 

p 

Hippotberinm 

•  *  • 

X 

X 

X 

Equus 

? 
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In  the  above  table  there  are  a  few  points  which  call  for  short  notice.     In  the 
first  place,   the  number  of  specimens  collected  from  Sjlhet  is  so  small,  that  no 
inference  as  to  the  absence  of  genera  from  the  formations  of  that  district  can  be 
drawn  from  their  absence  in  the  table :  to  a  less  degree  the  same  remark  applies 
to  Burma  and  Perim  Island.     Again,  in  the  three  columns  headed  respectively 
Country  east  of  Jhelam  R.,"  "  Punjab,  west  of  Jhelam  R.,'*  and  "  Sind,  "  I  do 
not  wish  to  lay  any  great  stress  on  the  absence  in  any  of  these  colunms  of  any  of 
the  rarer  genera,  such  as  SanitJierium^  Amphicyon,  or  Lutra,   as   indicating  their 
absence  from  the  formations  under  those  columns.      On  the   other  hand,  the  pre- 
sence or  absence  in  any  of  these  columns  of  any  of  the  common  genera,  such  as 
Euelephas,  MerycopotamuSf  Bos  or  Equtis,  is  of  great  weight,  and  is  to  be  considered 
in  many  cases  as  a  fact  in  distribution. 

We  may  notice  in  Sind  the  complete  absence  of  the  following  common 
Siwalik  genera,  viz.,  Stegodon,  Loxodon,  Euel&phas,  Hippopotamus,  Merycopotamus^ 
CameluSf   Oamelopardalisy  Bos,  Bison,  and  Equus ;  and  we  may  further  note  that 
most  of  these  genera  are  modem  forms,  and  that  most  of  them  are  not  found  in 
the  country  to  the  west  of  the  river  Jhelam,  but  that  they  occur  commonly 
enough  in  the  country  to  the  east  of  that  river.    Again  the  genera  Binotheri'um, 
Listriodon,  Hyotherivm,  various  Suina,  Hyopotamus,  and  Acerotlierium,  are  of  fairly 
common  occurrence  in  Sind  and  the  Punjab,  and  do  not,  I  believe,  occur  in  the 
country  to  the  east  of  the  Jhelam,  with  the  exception  perhaps  of  AcerotJierium, 
which  has  been  found  a  little  to  the  east  of  that  river.     Again  the  genus  Eqtms, 
which  is  extremely  common  in  the  Siwalik  country  of  Falconer,  is  unknown  in  the 
Western  Punjab,  and  is  there  replaced  by  Hippotherinm,  of  which  genus  at  least 
two  species  occur  there  very  commonly,  of  which  one  (H,  artilopinum)    occurs 
in  the  more  eastern  country,  while  the  other  (H.  theohaldi)  is  only  known  from 
the  Western  Punjab  and  Perim. ^ 

The  table  in  fact  shows  that  the  more  modem  genera  are  mainly  character- 
istic of  the  country  to  the  east  of  the  Jhelam,  while  the  Punjab,  Sind,  and 
Perim  Island  arc  characterized  by  an  older  facies  of  genera,— the  greater  number 
of  old  genera  occurring  in  Sind.  The  Sind  fauna  is  consequently  to  be  regarded 
as  the  oldest  of  the  Siwalik  group,  that  of  the  Punjab  and  Perim  Island  probably 
the  next  in  age,  and  the  SiwaUks  of  the  Dehra  Dun  and  neighbouring  country 
as  the  newest  of  all.  I  wish,  however,  to  add  that,  although  I  think  the  differ- 
ence in  the  mammalian  faunas  of  the  different  districts  under  discussion  are  due 
in  great  measure  to' differences  in  relative  age,  yet  that  it  is  probably  that  many  of 
the  genera,  such  as  those  of  the  Sivatheridce,  were  strictly  contemporaneous,  and 
were  limited  in  their  geographical  range. 

1  In  Falconer's  catalogue  of  the  Vertehrata  in  the  collection  of  the  Asiatic  Society  of   Bengal 
the  molars  of  this  species  are  referied  tp  Equus,     I  helieve  I  have   evidence  of  the   cxisteuoc   of 
four  species  of  the  genus  in  the  Punjab. 
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DESCRIPTION  OF  PLATE. 

Fi/2^.  1.    Paljbopithecus  bivalensis,  nobis. 
Lateral  view  of  right  maxilla. 

2.  Macacus  sitaleksis,  nobis ;  palatal  view  of  right  maxilla. 

3.  Rhizohts  siyalenbis,  nobis ;  palatal  view  of  left  ramus  of  mandible. 

4.  Macacus  siyalensis,  nobis ;  palatal  view  of  left  maxilla. 

5.  Palj^opithecus  siyaleksis  ;  palatal  view  of  specimen  represented  in  fig.  1. 

Fig.  3  twice  the  natural  size ;  the  rest  natural  size.  The  two  sides  of 
the  Tnfl-riUfl.  represented  in  fig.  5  have  not  been  placed  quite  sym- 
metrically. The  perfect  tooth  on  the  left  side  of  the  figure  should 
be  opposite  the  decayed  tooth  on  the  right  side. 


Notes  oh  some  Siwalik  Birds,  hy  R.  Ltdbkcbb,  B.  A.,  Oeohgical  Survey  of 

India, 

Introduction. 

In  the  Siwaliks,  as  in  many  other  ossiferous  formations,  the  fossil  remains  of 
birds  are  of  extremely  rare  occurrence,  and  such  bones  as  do  occur  are  generally, 
owing  to  their  delicate  structure,  merely  fragments  of  the  stouter  extremitieB. 
Except  in  formations  like  the  lithographic  slates  of  Solenhofen,  the  skull  of  birds 
are  scarcely  ever  preserved  as  fossils,  and  none  haye  as  yet  been  obtained  from  the 
Siwaliks.  From  time  to  time,  however,  a  few  fragments  of  bird-bones  have  been 
obtained  from  these  deposits,  and  these  are  of  extreme  iuterest,  as  beiiig  the  only 
evidence  we  have  at  present  of  the  existence  of  an  avian  fauna  in  the  Siwaliks. 
Some  of  these  bones  were  collected  by  Dr.  Falconer,  and  were  deposited  by  him 
in  the  British  Museum,  figures  being  g^ven  of  them  on  Plate  R  of  the  unpub- 
lished plates  of  the  "  Fauna  Antiqua  Sivalensis."^  On  the  evidence  of  these 
bones  M.  A.  Milne-Edwards*  established  two  species  of  extinct  Siwalik  birds, 
namely,  Btruthio  a,HatieuB  and  Argala  falconeri^  From  the  evidence  of  another 
bone  which  is  not  figured  in  the  "  Fauna  Sivalensis,"  the  same  writer  considered, 
that  a  bird  allied  to  Phaeton  must  have  lived  with  the  Siwalik  fauna. 

Among  the  vast  collection  of  mammalian  and  reptilian  bones  obtained  by  Mr. 
Theobald  from  the  Siwaliks,  there  are  a  few  fragmentary  bird  bones ;  and  these 
together  with  the  bones  collected  by  Dr.  Falconer,  form  mainly  the  subject  of  the 
following  short  notes.  These  notes  are  not  intended  as  an  accurate  description 
of  the  bones,  because  I  wish  to  defer  that  description  in  the  hope  that  I  may 
hereafter  obtain  more  complete  materials.  Some  of  the  bones  are,  however,  of 
such  interest,  that  I  have  thought  it  well  to  bring  their  existence  into  notice, 
without  deferring  them  to  the  indefinite  period  when  I  shall  be  enabled  to  give 
figures  of  them. 

*  Photographic  copiee  of  theie  plates  can  now  he  ohtained  at  the  British  Museum, 
s  Oiseaux  fossilet  de  la  France^  Vols.  I,  p.  449,  II,  p.  587. 
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Fossil  Stbuthioids. 

With  regard  to  Struthio  asiaiteus  of  M.  Milne-Edwards,  it  appears  that  this 
species  was  formed  on  the  evidence  of  the  phalange,  and  of  the  distal  extremity  of 
the  tibio-tarsns,  which  are  represented  in  figs.  2  and   15  of  the  above-qnoted  plate 
of  the  '*  Fauna  Antiqna  Siyalensis."    In  noticing  these  species,  M.  Milne-Edwards 
(loc,  cit,)  remarks :  "   Uwne  des  especes  les  pltts  remarqiiahles  appartenaii  augroupe 
des  BrMpennes  et  se  rapprochait  heaucoup  d^  VAutruche  dHAfrique  par  la  conforma-' 
tion  de  son  pied,  qui  neportait  que  deux  doigts.**  I  am  rather  at  a  loss  to  discoyer  how 
M.  Milne-Edwards  determined  that  his  Siwalik  ostrich  had  bat  two  toes,  becanse, 
as  I  have  said,  the  only  strathioid  bones  figured  in  the  "  Fanna  Antiqna  Sivalensis" 
are  the  distal  extremity  of  the  tibio-tarsns  and  a  phalange.     The  first  bone  wonld, 
as  far  as  I  am  aware,  give  no  indication  of  the  nnmber  of  toes,  and  the  second, 
which  appears  to  belong  to  a  median  digit,  is  symmetrical  in  itself,   and  mighty 
SB  far  as  I  can  see,  belong  to  either  a  two-  or  a  three-toed  bird.     It  is,  however, 
possible  that  M.  Milne-Edwards  may  have  seen  a  specimen  of  the  tarso-meta- 
tarsns  of  this  strathioid  which  wonld  of  coarse  settle  the  qaestion.     In  any  case 
it  is  probable  that    such  an  anthority  on  the  subject  as  M.  Milne-Edwards 
would  not  have  made  such  a  positive  assertion   without  good  grounds ;  and  I 
therefore  adopt  his  dictum^  that  the  bird  to  which  the  two  above-mentioned  bones 
belonged  was  a  two-toed  ostrich. 

I  now  come  to  four  bones  of  a  large  species  of  struthioid,  coUected  by  Mr. 
Theobald  in  the  Western  Punjab.  These  bones  comprise  two  specimens  of  the 
first  and  second  phalanges  of  the  outermost  digit^  of  a  three-toed  struthioid  bird  ; 
one  pair  of  these  bones  is  somewhat  larger  than  the  other  pair.  I  will  not 
describe  these  bones  on  the  present  occasion,  but  will  content  myself  with  saying 
that  as  regards  form,  they  agree  almost  precisely  in  form  with  the  corresponding 
bones  of  Dronueus  novce-'hollandioB. 

The  dimensions  of  the  four  fossil  bones  and  the  two  corresponding  bones  of 
D.  nwcR-hoUanduB  are  as  follows,  in  inches : — 


Drommua 

Large  foMil. 

Small  fouIL 

Length  of  fint  phalange 

2-4 

2-3 

1-8 

Antoro-postenor  diameter  of  supenor  rarfaee  of  ditto 

136 

1-25 

075 

Transrene  ditto              ...                 ...                 ... 

1-3 

1-2 

0-7 

Antero-poeterior  ditto  inferior  ditto 

0-9 

0-7 

0-46  ■ 

TraniTerae  ditto 

10 

0*8 

06 

Length  of  second  phalange 

1-6 

1-3 

0-8 

Antero-poeterior  diameter  of  superior  surface  of  ditto 

1-1 

0-95 

0-55 

Transrerse  ditto 

1-3 

11 

0*62 

Antero-poeterior  ditto  inferior  ditto 

0-7 

0-65 

0-46 

TrantTene  ditto 

1-3 

11 

0-54 

'  Corresponding  to  the  fourth  of  the  typical  series. 
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It  will  be  seen  from  the  foregoing  measurements  that  the  fossil  and  recent 
bones  bear  the  same  relative  proportions,  and  that  the  larger  fossils  are  almost 
exactly  double  the  size  of  the  recent  bones.  The  difference  in  the  size  of  the 
fossils  doesj  not  appear  to  be  greater  than  that  which  might  occur  in  difiPerent 
individuals  of  the  same  species.  There  are  some  very  slight  minor  difEerences 
between  the  fossil  bones  and  those  of  DromoBus  Jiova^hoUafidi^f  but  they  do  not 
appear  to  me  to  be  more  than  of  specific  value ;  and  I  think  that  the  fossils 
should  undoubtedly  be  referred  to  that  genus. 

It  may  be  weU  to  observe,  that  the  outermost  digit  of  Stndhio  has  its  phal- 
angeal bones  of  a  much  more  slender  type  than  those  of  Dro^naiis,  and  each 
bone  is  more  nearly  symmetrical  in  itself  than  in  the  latter  genus.  The  stout  and 
obliquely  shaped  fossil  bones  cannot  therefore  belong  to  Stndhio. 

Had  it  not  been  that  M.  Milne-Edwards  had  referred  the  struthious  Siwalik 
bones  in  the  British  Museum  to  the  two-toed  genus  Struthio,  I  should  have 
not  improbably  referred  all  the  bones  to  one  species.  The  tibio-tarsus  of  Struthio 
asiaticus  is,  however,  rather  small  for  the  fossil  phalanges.  For  the  three-toed 
Siwalik  struthioid  bird  I  propose  the  name  of  Dromceus  sivalensis.  If  it  should 
turn  out  eventually  that  M.  Milne-Edwards  was  erroneous  in  referring  the  stru- 
thioid tibio-tarsus  to  the  genus  Struthio,  and  that  that  bone  really  belongs  to  a 
three-toed  species,  then  it  may  possibly  belong  to  Dronueus  sivalensis.  Irrespect- 
ive of  this  question,  however,  the  new  fossil  bones  afford  us  indisputable  evi- 
dence of  the  former  existence  in  India  of  an  emeu  of  double  the  Bize>of  the  existing 
emeu  of  New  Holland,  and  which  must  have  rivalled  in  size  some  of  the  gigantic 
fossil  three-toed  wingless  birds  of  New  Zealand. 

If  we  accept  M.  Milne-Edwards'  Struthio  asiaticus,  it  is  clear  that  the 
ostriches  of  Africa  and  the  emeus  of  Australia  once  had  a  common  home  on 
ihe  plains  of  India,  and  it  is  possibly  from  this  common  home  that  they  have 
gradually  spread,  till  they  are  now  isolated  from  one  another  on  opposite  sides 
of  the  globe. 

The  living  faunas  of  India  and  of  the  Australian  region  are  almost  totally 
distinct;  but  there  are  a  few  indications  in  Celebes  and  some  of  the  neighbouring 
islands  of  there  having  been  a  former  communication  between  the  African 
Oriental,  and  Australian  faunas ;  and  it  is  probable  that  the  same  means  of  com- 
munication afford  a  passage  for  the  Struthionid(B,  Mr.  Wallace,'  in  explanation 
of  the  supposed  communication,  suggests  that  a  large  tract  of  land  formerly 
extended  from  Australia  in  a  north-westerly  direction  to  Asia,  and  that  this  old 
land  was  probably  the  home  of  the  ancestors  of  Sus,  Babirusa,  PJiacochoBruSy  Anoa, 
Bubalus,  Cynopithecus,  Gynocephalv^,  and  Macacus,  to  which  we  may  now  probably 
add  Brom^Bus  and  Struthio. 

Since  the  emeus  and  cassowaries  are  not  found  fossil  in  Australia  or  New 
Guinea,  while  numerous  fossil  species  of  marsupials  occur  throughout  these 
islands,  and  since  struthioids  are  known  to  have  existed  in  the  older  pliocene   (or 

^  Qeographical  distribution  of  Animals,  Vol.  I,  p.  437. 
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upper  miocene)  in  Asia,  .while  the  marsupials  (with  the  exception  of  the  DkhU 
phida)  have  not  been  known  out  of  Australasia  since  the  Eocene  period,  it 
is  not  impossible  that  the  struthioid  birds  are  a  much  lat-er  introduction  into 
Australasia  than  the  marsupials.  At  page  340  of  "  Tropical  Nature,"  Mr.  Wal- 
lace says  that  Australia  was  isolated  during  the  whole  of  the  tertiary  period,  and 
on  the  next  page  that  it  has  not  improbably  been  isolated  since  the  oolitic  period. 
K  I  am  right  in  referring  the  fossil  Siwalik  bird-bones  to  Bromanis  (and  they 
are  certainly  closely  allied)  we  have  indications  of  a  much  later  connection 
between  India  and  Australia. 

New  Wader. 

The  next  fossil  bird-bones  I  wish  to  notice  are  an  associated  sternum  and 
an  incomplete  tibio-tarsus  of  a  gigantic  carinate  bird,  which  probably  belonged 
to  the  order  Qrallatores  ;  though  it  presents  certain  peculiarities  which  appear  to 
distinguish  it  from  all  other  living  birds.  This  sternum  and  tibia  were  in  the 
collection  of  the  Asiatic  Society  of  Bengal,  and  were  marked  in  Dr.  Falconer's 
handwriting  as  having  been  obtained  from  the  Siwaliks,  though  no  locality  is 
mentioned.  The  sternum  has  a  bold  convex  carina,  and  has  a  considerable  gen- 
eral resemblance  to  the  sternum  of  Argala  {Le^toptilus) ;  the  notch  on  either  side  of 
the  xiphi-stemum  is,  however,  much  deeper  and  larger,  and  the  xiphi-stemum 
itself  larger  and  longer.  The  sternum  is  moreover  more  expanded  laterally  than 
in  Argala.  The  peculiarity  of  this  sternum,  however,  is  that  the  distal  half  of 
the  f  urculum,  which  alone  remains,  is  completely  anchylosed  to  the  superior  border 
of  the  sternum,  so  that  no  trace  of  division  is  visible.  Behind  this  anchylosed 
furculnm  are  the  long  coracoidal  grooves,  which  are  placed  much  more  backwards 
than  is  usually  the  case  in  birds.  I  do  not  know  of  any  instance  among  living 
birds  of  such  complete  anchylosis  of  the  sternum  and  clavicles,  such  anchylosis 
being  usually  confined  to  the  hypocleidium  of  the  furculum  and  the  manubrium 
stemi.  The  fossil  sternum  is  of  considerably  larger  size  than  that  of  Argala 
indiroy  but  from  its  general  form  seems  clearly  to  have  belonged  to  a  bird  allied 
to  that  genus.  The  tibio-tarsus  which  was  associated  into  the  sternum  lacks  its 
distal  extremity  (astragalus),  as  well  as  some  portion  of  its  proximal  extremity. 

The  fibula  is  anchylosed  to  the  upper  half  of  the  tibia,  which  shows  that  the 
bones  do  not  belong  to  a  struthioid,  in  which  the  tibia  and  fibula  are  distinct. 
The  bone  has  the  general  shape  of  the  tibia  of  Argala^  but  is  flatter  superiorly,  and, 
in  place  of  being  slender,  is  stout  and  strong  like  the  tibia  of  the  ostrich.  The 
length  of  the  imperfect  tibia  is  about  14  inches,  while  its  transverse  diameter 
superiorly  is  1*8  inches,  and  its  antero-post.erior  diameter  1*2  inches. 

As  regards  size,  our  tibia  has  a  great  resemblance  to  the  gigantic  Qastomie 
parisiensis^  of  the  French  eocene,  which  is  only  known  by  its  femur  and  tibia, 
and  which  seems  to  have  characters  common  to  the  Grallatores  and  Natatores. 
The  tibia  of  OastomiSf  however,  expands  inferiorly,  whereas  the  Indian  bone 
contracts  :  there  is  also  a  great  hollow  in  the  former  on  the  anterior  surface  above 

'  OifCHUx  fossiles  de  la  Franco,  Atlas,  Vol.  II,  pi.  29. 
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the  condyles,  which  does  not  occur  in  the  latter.  In  Gastomis  the  tendon  of  the 
tibialis  anticus  muscle  passes  through  a  distinct  bony  arch,  which  I  think  does 
not  exist  in  the  Indian  fossil.  Again,  the  Indian  tibia  has  the  fibula  anchylosed 
to  it  for  half  its  length,  which  is  not  the  case  in  Gastomts,  I  am  not  aware  of 
any  other  living  or  fossil  bird  (except  the  BcUidai),  which  has  a  tibia  approaching 
in  size  to  that  of  our  fossil. 

These  two  bones  indicate  the  former  existence  of  a  carinate  bird,  probably 
allied  to  the  adjutant,  but  which  in  stoutness  and  length  of  limb  was  interme- 
diate in  size  between  the  ostrich  and  the  emeu.  I  propose  to  call  this  bird 
Megaloscelomis  sivalensis  ^ ;  the  remains  I  hope  to  describe  more  fully  on  a  subse- 
quent occasion. 

Argala  falconeri,  M.-Ed wards. 

The  remains  of  Argala  falconeri  in  the  British  Museum,  according  to  M. 
Milne-Edwards  (loc.  cit.),  consist  of  the  proximal  and  distal  extremities  of  a 
tarso-metatarsus,  and  two  specimens  of  the  distal  extremity  of  the  tibio-tarsus. 
Two  of  the  bones  indicate  a  bird  larger  than  Argaila  indica  {Leptoptilus  argaUi), 
while  the  other  two  are  of  somewhat  smaller  size.  In  the  Indian  Museum  we 
have  three  bones  belonging  to  Argala  falconeri,  all  of  which  were  collected  by  Mr. 
Theobald  in  the  Punjab :  these  bones  comprise  a  very  late  cervical  yertebra^^  the 
distal  extremity  of  a  tibio-tarsus,  and  the  first  phalange  of  the  outermost  digit. 
The  first  two  of  these  bones  are  of  exactly  the  same  size  as  the  corresponding 
bones  of  A.  indica,  while  the  third  is  slightly  smaller  :  as  regards  form  all  appear 
to  me  to  be  indistinguishable  from  the  corresponding  bones  of  the  living  species. 
Since  some  of  M.  Milne-Edwards'  specimens  are  of  somewhat  larger  size  than  the 
living  adjutant,  it  is  evident  that  the  Siwalik  adjutant  attained  a  somewhat  greater 
size  than  the  living  species  ;  but  as  the  bones  of  the  two  are  indistinguishable  in 
form,  it  appears  to  me  to  be  very  doubtful  whether  we  have  as  yet  any  good  evi- 
dence as  to  the  specific  distinctness  of  the  living  and  fossil  forms. 

Conclusion. 

Besides  the  above-described  bones,  there  are  in  the  Indian  Museum  a  cervi- 
cal vertebra  and  a  tibio-tarsus  of  birds  about  the  size  of  the  common  fowl,  but 
whose  affinities  I  have  not  yet  determined. 

There  is  also  the  distal  extremity  of  the  femur  of  a  large  unknown  bird  figured 
in  the  **  Fauna  Antiqua  Sivalensis,"  as  well  as  several  fragments  of  bones  of 
smaller  birds.  In  the  collection  of  the  British  Museum  there  is  the  distal 
extremity  of  the  humerus  of  a  large  bird,  which  was  recently  discovered  among 
some  Siwalik  specimens  by  Mr.  Davis,  who  showed  it  to  me ;  but  I  had  then  no 
opportunity  of  determining  to  what  bird  it  belonged.  It  will  be  noticed  that 
among  these  Siwalik  bird-remains,  those  of  Argala  falconeri  are  the  most  common, 
and  that  the  great  majority  of  the  known  bones  belonged  to  birds  of  large  size. 

•  Rec.  Geol.  Surv.  India.  Vol.  IX,  p.  104. 
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Thk,  I  think,  can  only  be  acconnted  for  by  the  larger  bones  being,  firstly,  more 
likely  to  escape  destruction,  and  secondly,  being  more  likely  to  be  obtained  by  col- 
lectors. We  are  not  therefore,  from  the  paucity  of  small  bird-bones,  to  argue  that 
the  smaller  birds  were  not  fuUy  represented  in  the  Siwalik  fauna,  any  more 
than  in  the  case  of  the  small  mammals,  of  which  the  remains  are  likewise  extreme- 
ly rare.  Since  birds,  as  a  rule,  are  of  far  inferior  size  to  mammals,  it  is  only 
natural  to  expect  that  the  discovered  fossil  bones  of  the  former  should  only  pre- 
sent a  very  small  percentage  of  those  of  the  latter. 

With  regard  to  the  Siwalik  tarso-metatarsus  stated  by  M.  Milne-Edwards 
to  indicate  a  bird  closely  allied  to  the  living  Tropic  birds  (Phaeton),  it  seems 
incredible  that  a  bird  of  that  essentially  oceanic  genus  could  have  lived  in  the 
land-locked  Siwalik  country.  The  difficulty  may  perhaps  be  got  over  by  calling 
in  question  the  authenticity  of  the  locality  of  the  bone,  of  which  there  seems  no 
certain  history. 


Notes  ow  a  tour  through  Hanorano  astd  Spiti,   hy  Colonbl  G.  A.  MgMahon. 

Circumstances  over  which  I  had  no  control  delayed  my  departure  from 
Simla  BO  long,  that  the  time  at  my  disposal  was  only  sufficient  to  enable  me  to 
make  road-side  observations  by  the  way.  I  could  only  devote  one  halt  to  ex- 
plorations off  the  road. 

In  my  last  paper  (Bee.  Oeol.  Surv.,  X,  p.  204)  I  described  the  rocks  of  the 
Upper  Sutlej  as  far  as  Jangi,  and  I  now  proceed  to  describe  the  section  from 
that  place  to  Spiti,  via  the  Buhang  and  Hangrang  passes. 

The  dip  of  the  schists  and  central  gneiss  between  Pangi  and  Jangi  varies 
from  north-east  to  east-north-east.  Between  these  places,  as  described  in  my 
last  paper,  frequent  intrusions  of  granite  culminate  in  an  eruption  on  a  grand 
scale ;  the  g^ranite  constituting  the  core  of  the  Gongra  ridge,  and  extending  in  a 
north-westerly  direction  from  near  the  confluence  of  the  Todoong  Gar  river 
with  the  Sutlej,  to  Lepi.  Whether  it  extends  beyond  Lepi  I  do  not  know.  The 
rocks  fringing  this  central  granitic  core,  and  forming  the  minor  ridges  of  the 
Gongra  range,  are  mica  schists.  On  leaving  Jangi  (elevation  8,850  feet)>  the 
dip  is  at  first  flat,  but  as  Lepi  (elevation  8,880  feet)  is  neared,  a  west-south-west 
dip  is  set  up.  Between  Lepi  and  the  top  of  the  Buhang  pass  (elevation  14,354 
feet^  T.  S.)  the  dip  varies  from  north-north-east  to  north-west.  The  rocks,  which 
at  first  are  silicious  and  micaceous  schists,  gradually  get  more  and  more  slaty, 
and  finally  pass  into  unmitigated  slates  with  a  grey  streak. 

Whether  there  is  a  gradual  transition  from  metamorphic  crystalline  rocks 
to  clay  slates — the  one  gradually  passing  into  the  other — or  whether  the  transition 
is  merely  apparent^  I  cannot  positively  state.  It  would  require,  I  think,  a  care- 
ful detailed  survey  of  the  ground  to  decide  the  question  definitely.     It  is  impos- 

1  Tbe  eleTmttoos  given  are  generally  those  shown  by  my  aneroid  barometer :  when  the  trigouo- 
tnryey  etevations  are  g^veu,  the  letters  T.  S.  are  affixed. 
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sible  for  a  Himalayan  traveller,  with  a  long  and  toilsome  march  before  him,  to 
crack  every  piece  of  rock  he  sees,  and  scrutinize  it  minutely ;  and  when  rocks  on 
their  weathered  surface  give  no  outward  indication  of  a  change,  it  would  be  quite 
possible,  I  imagine,  to, miss  the  border  line  between  slaty  micaceous  or  slaty 
silicious  schists  on  the  one  side,  and  micaceous  or  silicious  slates  on  the  other. 
The  difficulty  is  increased  not  only  by  the  fact  that  some  metamorphic  rocks  in 
this  area  closely  resemble  in  external  appearance  the  sandstones  and  slates  of 
the  palaeozoic  series  in  contact  with  them,  but  also  &om  the  circumstance  that 
both  series  have  been  alike  affected  by  comparatively  recent  disturbances. 

I  have  no  note  of  any  granite  veins,  and  I  feel  sure  I  did  not  see  any  in  the 
schists  at  Lepi.  I  see  no  reason  to  suppose  that  the  intrusion  of  the  Gongra 
granite  (which  I  believe  to  be  albite  granite)  occurred  at  a  later  period  than 
the  albite  granite  of  other  sections ;  and  I  do  not,  therefore,  think  that  the 
metamorphism  of  the  schists  at  Lepi  can  be  explained  by  referring  it  to  the  rise 
of  the  gpranite. 

At  the  top  of  the  Buhang  pass  the  dip  changes  to  south-south-west,  and  the 
angle  of  dip  is  high  all  the  way  down  to  Sungnam  (elevation  9,520  feet).  The 
rocks  resemble  the  slates  and  fine  sandstones  of  the  Simla  slate  series. 

At  Sungnam,  the  slates,  which  are  here  nearly  perpendicular  (dip  extremely 
high  to  west-by-south),  are  of  a  light  grey  color ;  but  on  the  way  up  the  Hangrang 
pass  they  get  darker  in  color,  and  become  like  the  Simla  slate  beds  that  so  much 
resemble  some  of  the  nummulitic  clays.  At  an  elevation  of  10,150  feet,  the 
northerly  dip  is  recovered  by  a  sharp  and  fractured  anticlinal,  along  which  some 
of  the  beds  above,  dipping  north-east,  seem  to  have  been  pushed  over  the  beds  on 
the  south-west  side  of  the  anticlinal. 

At  an  elevation  of  11,050  feet^  the  slates  terminate  suddenly,  their  junction 
witb  the  rocks  above  them  being  masked  by  a  side  stream,  running  down  from 
the  top  of  the  Hangrang  pass.  On  the  other  side  of  this  stream,  pink  lime- 
stone appears,  in  beds  of  from  1|  to  2|  feet  in  thickness.  There  are  probably 
from  300  to  400  feet  ol  them. 

Wben  first  seen  the  pink 'limestones  apparently  dip  north-north-west,  but 
this  rapidly  subsides  into  a  nprth-east-by-north  dip.  These  beds  are  overlaid 
conformably  by  purple  calcareous  indurated  clays  that  break  under  the  hammer 
into  lumps,  and  not  into  slaty  slices.  Over  these  is  a  small  outcrop  of  a  slate 
with  a  dark  streak,  which  is  overlaid,  at  an  elevation  of  12,000  feet,  by  a  thin 
bed  of  dark-blue  limestone.  Then  follow,  in  the  ascending  order,  dark  slates 
that  break  into  acicular  fragments.  They  reminded  me  so  much  of  the 
argillaceous  beds  exposed  on  the  eastern  side  of  the  Krol  mountain^  that  it 
needed  the  test  of  acid  to  satisfy  me  that  they  were  not  calcareous.  At  an 
elevation  of  12,300  feet  these  slates  give  place  to  dark-blue  compact  limestones, 
for  the  most  part  in  beds  of  half  a  foot  to  two  feet  in  thickness,  and  they  continue 
up  to  the  top  of  the  pass  (elevation  14,530  feet).  A  bed  of  greenstone  occurs 
in  them. 

i  Mem.  G.  S.  I.,  Vol.  Ill,  pt.  2,  p.  24. 
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Judging  from  the  tains,  I  am  tinder  the  impression  that  the  rcx^ks  on  the 
sonth-east  side  of  the  pass,  namely,  in  the  direction  of  the  Thagiriga  trigonomet- 
rical station,  consist  of  slates  faulted  against  the  limestones  ;  bnt  I  had  no  time 
to  scale  these  cliifs  to  examine  them.  On  the  north-west  side  of  the  pass,  and 
down  to  Hango  (elevation  11,500  feet),  the  limestones  continue ;  the  north-easterly 
dip  changes  near  the  summit  of  the  pass  to  a  low  west-north-west  dip,  producing, 
when  the  beds  are  viewed  from  below,  an  appearance  of  unconformity. 

On  the  descent,  at  an  elevation  of  13,400  feet,  clay  slates  re-appear,  dipping 
south-west.  From  this  point,  owing  to  great  contortion,  the  limestones  and  slates 
alternate  several  times,  being  sometimes  perpendicular,  at  others  dipping  south- 
south-west.  Near  the  bottom  of  the  descent,  a  compact  quartzite  becomes 
prominent^  sometimes  perpendicular,  sometimes  dipping  south-west-by-south. 
In  color  it  varies  from  a  bluish  to  a  pinkish- white.  Close  to  Hango,  as  another 
result  of  contortion,  the  thin-bedded  limestones  and  slates  re-appear,  having  an 
extremely  high  (nearly  perpendicular)  north-east  dip. 

The  quartzites  above  described  and  the  thin-bedded  limestones  at  the  top  of 
the  pass  belong,  1  apprehend,  to  the  Krol  formation.  I  doubt  if  hand  specimens 
could  be  distinguished  from  those  taken  from  the  Krol  mountain  itself.  Most  of 
the  beds  weather  a  dark  blue,  but  some  brown.  The  rock  abounds  in  white 
caldte  markings,  similar  to  those  so  common  in  typical  Krol  rocks.  The  purple 
calcareous  clays  I  have  described  as  occurring  on  the  south  side  of  the  pass 
reminded  me  of  the  purplish-red,  sometimes  calcareous  clays  of  the  Krol  and  Boj. 

Proceeding  onwards  towards  Leo  on  the  Spiti  river,  the  first  rock  seen  on 
leaving  Hango,  and  which  dips  north-east,  is  a  highly  silicious  white  limestone 
(weathering  white)  with  a  faint  shade  of  green  in  it,  due  apparently  to  the 
presence  of  a  little  chlorite.  On  the  weathered  surface  I  saw  what  looked  like  a 
cast  of  Nautilus  spitiensisy  only  about  half  the  size  of  that  figured  in  Plate  IV, 
Memoirs  vol.  V,  as  one  of  the  Lilang  fossils.  It  seemed  to  vanish  into  nothing 
when  examined  with  the  aid  of  a  lens,  and  broke  into  pieces  on  the  first  appli- 
cation of  the  hammer,  leaving  me  in  a  painful  state  of  doubt  whether  I  had  seen 
a  real  fossil  or  not. 

The  limestone  just  described  is  overlaid  by  a  hard  silicious  dull  pinkish- 
white  limestone  that  weathers  a  dull  red-brown.  It  might  easily  be  taken  for  a 
quartzite,  but  it  effervesces  slightly  with  acid  (strongly  when  powdered),  and  a 
qualitative  analysis  of  it  shows  that  it  contains  a  good  deal  of  lime  and  some 
magnesia.  A  thin  slate  is  intercalated  with  these  limestones.  There  are  some 
hundreds  of  feet  of  these  rocks,  but  I  cannot  say  exactly  how  thick  they  are,  as 
the  hill  side  is  obscured  by  talus  for  some  miles.  The  reddish-weathering  lime- 
stone appeared,  from  blocks  that  had  fallen  down,  to  be  overlaid  by  a  bluish- 
white  quartzite. 

As  I  journeyed  onwards  the  north-east  dip  appeared  to  flatten  and  then  to 
change  temporarily  to  east-south-east,  the  change  of  dip  bringing  down  to  the 
road  dark-blue  limestones  resembling  those  at  the  top  of  the  Hangrang  pass. 
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The  white  limestones  at  Hango  are,  I  apprehend,  the  same  rocks  as  the  pink 
limestones  on  the  sonth  side  of  the  pass. 

Further  on,  at  a  point  where  the  road,  having  rounded  a  spnr,  winds  into 
the  monntain  side,  slates  re-appeared  dipping  west.  As  the  Bilicions  limestones 
did  not  crop  out  between  the  blue  limestones  and  the  slates,  I  presume  thej  were 
hidden  by  the  talus,  which,  at  the  level  of  the  road,  is  very  abundant  along 
this  section.  As  the  crystalline  series  was  neared  I  came  to  a  pale  bluish- white 
slate  weathering  a  bright  yellowish  ochre  color  in  irregular  patches.  Associated 
with  the  latter  was  a  thin  bed  of  dark  slate,  in  some  places  as  black  as  coaL 

From  these  rocks  I  passed  by  a  sudden  transition  to  the  crystalline  series. 
The  change  takes  place  just  where  the  road  from  Hango  rounds  the  edge  of 
the  Tinga  ridge,  at  an  elevation  of  11,500  feet»  before  the  commencement  of  the 
descent  to  Leo.  The  slates  rest  upon  the  ciystalline  rocks,  and  no  material 
change  of  dip  would  be  observed  in  passing  from  the  one  series  to  the  other. 

The  crystalline  series  extends  from  the  point  indicated  np  to  (and  probably 
beyond)  the  Para  river,  but  at  and  beyond  Chango,  as  will  be  shown  further  on, 
they  are  overlapped  by  pink  limestones  and  calcareous  slates.  The  lowest  beds 
in  the  crystalline  series  at  Leo  are  massive  quartzites ;  these  are  followed  by 
thin-bedded  white  and  bluish-white  quartzites,  with  some  beds  of  mica  schists. 
Higher  up  in  the  series  the  mica  schists  become  more  prominent.  Some  of  the 
latter  are  fine-grained  silicious  rocks,  showing  no  mica  on  the  weathered  surface. 

The  crystalline  rocks,  quite  up  to  their  junction  with  the  unaltered  rocks, 
are  riddled  through  and  through  by  dykes  and  veins  of  albite  granite,  varying 
in  thickness  from  about  30  feet  to  the  fraction  of  an  inch.  The  granite  is 
undoubtedly  intrusive.  It  may  be  seen  throughout  the  crystalline  series  between 
Leo  and  Chango,  iram  the  bed  of  the  Spiti  river  up  to  the  tops  of  the  highest 
peaks,  profusely  penetrating  the  strata  in  all  directions ;  sometimes  darting  across 
them  in  long  zigzags,  like  forked  lightning ;  at  others,  following  the  line  of 
bedding  for  some  distance,  and  then  either  dwindling  away  into  thin  strings,  or 
terminating  suddenly  to  burst  out  in  adjacent  strata  with  redoubled  force. 

The  granite  in  the  gneiss  in  the  vicinity  of  Change  has  already  been 
identified  as  albite  granite  (Memoirs,  vol.  Y,  p.  154).  It  presents  all  the 
characteristics  of  the  intrusive  albite  granite  of  the  Wangtu  section  of  the 
Sutlej  valley,  being  a  mixture  of  quartz,  muscovite,  schorl,  and  a  snow-white 
felspar  (occasionally  showing  triclinic  striations)  that  scarcely  weathers  at  all. 
When  the  schorl  is  sparsely  scattered  through  the  rock,  the  muscovite  is  plentiful 
and  in  good  sized  packets  or  leaves,  but  when  the  black  tourmaline  is  abundant, 
the  muscovite  becomes  very  subordinate  and  dwindles  to  thin  fiakes  of  small  size. 
In  some  places  the  schorl  is  profusely  scattered  through  the  rock,  in  irregularly 
shaped  fraigments. 

Near  Chango  I  found  cyanite  in  mica  schists.  It  was  of  beautiful  cobalt 
blue,  shading  into  a  pearly  white,  but  the  blades  were  not  nearly  so  large  as  those 
of  the  mineral  found  in  the  central  gneiss  near  Wangtu.  In  the  same  locality 
there  were  some  chiastolite  schists  near  granite. 
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I  first  met  with  gneiss  within  a  few  miles  of  Ghango.  It  showed  again 
between  the  latter  place  and  the  Para  river,  and  on  the  banks  of  that  stream. 
Dr.  Stolicxka  identified  the  gneiss  on  the  left  bank  of  the  Para  river  as  the 
centrid  gneUs  (Memoirs,  vol.  Y,  p.  16),  and  though  I  saw  none  porphyritio  in 
stmctore,  I  do  not  donbt  the  correctness  of  the  identification.  That  the  crys- 
talline rocks  1  have  described  belong  to  the  central  gneiss  series  may,  I  think,  be 
aoe^ted  on  the  evidence  of  their  crystalline  stmctore,  and  the  presence  in  them 
of  cyanite  and  intrusive  albite  granite,  characteristio  featnres  of  the  typical 
Wangta  section.  The  dip  of  the  czystalline  rocks  at  Leo  is  west-by-north,  but  this 
changes  gradually  to  west-south-west,  and  finally  at  Ghango  to  south-west. 

About  two  miles  south  of  Ghango  a  ridge  of  limestone  rocks,  the  dip  of 
which  varies  from  south-west-by-south  to  south,  runs  up  from  the  Spiti  river 
and  abuts  on  the  crystalline  series  just  where  the  road  from  Leo  to  Ghango 
croeaee  the  ridge.  At  this  point  the  dip  is  south-west-by-south.  The  limestones 
consist  of  thin-bedded,  pale  blue  and  cream-colored  beds,  weathering  from  a  pale 
pink  to  a  yellow  ochre  color,  intercalated  with  dark  blue  calcareous  slates.  The 
latter  effervesced  freely  with  acid  wherever  I  tested  them,  but  they  break  up 
into  small  thin  slices,  and  look  more  like  slates  than  limestones. 

Li  a  cliff  overhanging  the  Spiti  river,  I  found  what  appeared  to  be  coralline 
remains  in  the  pale- blue  Hmestone ;  but  they  were  in  bad  preservation  and  have 
not  been  identified. 

In  the  .bed  of  a  stream  to  the  east  of  Ghango  and  between  the  latter  village 
and  the  ridge  above  described,  and  also  at  the  village  of  Ghango  itself,  some  hard 
dark  slates  are  exposed.  Dr.  Stolicska  also  mentions  (Memoirs,  vol.  Y,  p.  19) 
the  occurrence  of  Silurian  slates  opposite  Shalkar.  The  slates  dip  under  the 
limestones. 

On  the  north  side  of  Ghango  the  limestones  distinctly  overlap  upon  the 
cryst'alline  series.  To  the  north-east  of  the  village,  where  two  irrigation  channels 
*'  take  off,"  as  engineers  say,  from  the  stream  flowing  down  from  between  the 
Eakthai  and  Kungrang  trigonometrical  stations  to  the  Spiti  river,  the  crystalline 
eeries  is  to  be  seen  in  contact  with  the  pink  limestones  and  dark  calcareous  slates. 
The  mica  schists  are  riddled  with  albite  granite  veins  up  to  the  point  of  contact. 

The  limestones  overlap  the  schists ;  and  though  the  plane  of  contact  dips  at 
a  high  angle,  the  junction  of  the  two  series  of  rocks  is  evidently  not  a  faulted  one, 
for  about  a  mile  lower  down  the  stream,  the  ciystaUine  series  again  crops  up  and 
forms  a  cliff  overhanging  the  river ;  the  identity  of  these  rocks  here  with  those 
higher  up  the  stream  being  established  by  the  presence  of  two  albite  granite 
veins  in  the  cliff  alluded  to.  Further  evidence  of  the  fact  that  the  limestones 
overlap  the  crystalline  series  was  obtained  as  I  journeyed  onwards  along  the  line 
of  strike. 

From  Ghango  (elevation  10,15C  feet)  up  to  the  top  of  the  Ghandan  Namo 
ghat^   (elevation  12,340  feet),  the  rocks  consist  of  similar  limestones  to  those 

>  Marked  Ga  station  on  tfao  mi^.    It  U  opposite  Shalkar. 
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described  aa  occurrisg  in  the  ridge  south  of  Chango ;  in  both  ridges  inrhite  and 
grey  quartzites  occur  in  connection  with  them ;  but  the  whole  hill-side  is  covered 
with  talus,  and  only  little  outcrops  of  rocks  in  silu  are  seen  here  and  there.  The 
pink  limestones  at  the  commencement  of  the  ascent  dip  north-north-east  and 
north-by-east,  but  the  dark  calcareous  slates  are  generally  vertical  or  dip  about 
in  all  directions.  At  the  bridge  over  the  Ghadaddokpo  the  crystallines  (mica 
schists  and  gneiss  well  riddled  with  albite  granite  as  usual)  re-appear  in  force 
on  both  banks  of  the  stream.  They  appeared  to  extend  a  considerable  way 
down  the  stream.  Dip  here  north-west  by-west.  On  rising  from  the  bed  of 
the  river  I  came  again  to  unaltered  whitish  blue  limestones,  whilst  beyond,  in 
the  same  line  of  strike,  the  mica  schists  and  granite  re-appeared.  In  the  bed  of 
the  Para  river  the  gneiss  is  so  riddled  with  granite  that  its  metamozphio  charac- 
ter is  nearly  obliterated. 

Proceeding  westwards  from  the  camping  ground  on  the  banks  of  the  Para 
river  (elevation  10,580  feet)  the  rocks  are  at  first  white  quartsites  dipping  east- 
by-south  ;  then  follow  compact  blue  slaty  limestones,  and  then  a  pale  salmon  pink 
limestone  weathering  a  light  ochre  brown.  The  blue  beds  break  up  into  thin 
slaty  slices,  and  the  whole,  no  doubt,  are  a  continuation  of  the  beds  seen  at 
Change.  They  continue  over  the  ridge  down  to  the  Ohu  river.  As  the  stream 
is  neared  the  white  quartzite  seen  on  the  banks  of  the  Para  re-appears,  dipping 
east-north-east  and  north-east-by-east.  It  weathers  a  reddish-brown.  Below  it 
are  grey  quartzites,  and  below  the  latter,  in  the  bed  of  the  stream,  is  a  pale 
whitish-grey  slate  sufficiently  soft  for  a  knife  to  cut  well  into  it. 

The  pink  limestones  and  calcareous  slates  in  contact  with  the  ciystalline 
series  at  Chango  are,  I  apprehend,  identical  with  the  pink  limestones  and  slates 
seen  at  Hango ;  but  I  feel  some  difficulty  at  present  in  giving  a  name  to  them. 
They  are  above  the  silurian  slates  (overlapping  them  and  resting  on  the 
crystallines  at  Chango),  and  are  overlaid  by  the  dark  Lilang  limestones  at  the 
Hangrang  pass  and  Hango.  They  appear  to  occur  again,  as  will  be  mentioned 
further  on,  in  the  same  order,  between  Losai  and  the  Kanzam  pass.  I  think 
they  answer  best  to  the  Muth  middle  beds,  which  Dr.  Stoliczka  correlated 
witli  the  Blaini  limestone  of  the  Simla  area  (Memoirs,  vol.  Y,  p.  141),  and 
in  coloring  the  accompanying  map,  I  have  provisionally  classed  them  as  Muth 
middle  beds.  Very  often  both  the  weathered  and  fractured  surfaces  of  the  pale 
blue  and  pink  limestones  reminded  me  of  the  Blaini  limestone  of  the  Simla  area 

I  considered  it  right  to  note  (page  59)  that  I  saw  at  Hango  what  had  the 
resemblance  of  a  triassic  fossil,  but  unless  and  until  other  triassic  fossils  are  found 
in  the  pink  limestone  beds,  I  do  not  think  it  would  be  safe  to  attach  importance 
to  the  circumstance. 

Proceeding  onwards  towards  Huling,  the  road  leads  over  what  appears  to  be 
a  continuation  of  the  same  series  for  a  short  distance,  when  these  rocks  are 
suddenly  cut  off,  apparently  by  a  fault  with  no  g^at  throw  ;  the  road,  which 
follows  the  line  of  strike,  passing  suddenly  from  white  quartzites  to  silky  slates 
containing  some   beds  of  very   pale   blue  limestones  (both  weathering  reddish- 
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brown),  being  the  beds  of  ihe  Bhabeh  series  described  by.  Dr.  Stoliczka  at  p.  19, 
vol.  V,  Memoirs. 

These  rocks  at  first  dip  north-west^  but  eventtLallj  round  to  west-by-north  ; 
the  change  being  marked  by  a  great  contortion  amongst  the  upper  rocks  on  the 
left  bonk  of  the  Spiti.  The  silky  slates  are  sncceeded  by  rocks  higher  in  the 
series ;  those  described  at  p.  20  of  Dr.  Stoliczka's  Memoir,  viz,^  beds  of  light 
colored  qnartzites  and  quartzite  sandstones  intercalated  with  dark  slates  that 
splinter  into  small  thin  slices.  The  debris  of  these  slates  imparts  a  very  dark 
tint  to  the  mountain  sides,  especially  when  seen  from  a  distance,  bnt  whenever  I 
tested  them  I  fonnd  that  they  had  a  pale  grey  streak. 

These  beds  on  the  Spiti  river,  between  Hnling  and  Po,  have  the  same  coloring 
in  the  accompanying  map  as  the  slates  south  of  Leo  and  of  the  Kanzam  pass ; 
but  in  both  of  these  latter  regions  they  more  closely  resemble  the  slate  series  of 
the  Simla  area  ;  and  I  was  unable  to  decide  from  the  cursory  survey  of  the  rocks 
along  the  route  I  followed,  whether  the  difFerence  in  the  character  of  the  beds  is 
due  to  alteration  in  their  lateral  extension,  or  whether  they  occupy  a  different 
horizon  in  the  paleozoic  series.  From  Dr.  Stoliczka's  remarks  at  page  21  of  his 
Memoir,  he  would  appear  to  have  held  the  former  view,  and  I  think  it  is  probably 
the  right  one,  but  the  point  can  only  be  satisfactorily  determined  by  the  survey 
of  a  wider  area  than  I  had  an  opportunity  of  visiting. 

Near  Lari  the  strata  become  vertical  for  a  short  distance,  and  here  I  observed 
a  thick  bed  of  the  contemporary  greenstone  described  by  Dr.  Stoliczka  as  occur- 
ring in  the  palaeozoic  formation  of  Spiti  (Memoirs,  vol.  V,  p.  20).  For  some 
distance  beyond  Lari,  ang^ar  blocks  of  this  rock  on  the  road  side  attested  its 
presence  in  the  cliffs  above,  but  if  it  again  dip  down  to  the  level  of  the  roads, 
the  outcrop  must  be  buried  under  talus,  as  I  did  not  see  the  rock  in  situ  again. 

From  Lari  onwards  I  did  not  observe  any  material  change  in  the  character  of 
the  rocks  until  nearing  the  point  where  the  river  Spiti  takes  a  sudden  north-west 
turn  near  Mani.^  Here  the  strata  suddenly  dipping  down  to  the  river  and  rising 
on  the  opposite  side  form  a  sharp  synclinal,  along  the  axis  of  which  the  Spiti 
river  runs  for  many  miles.  To  the  south-east  the  synclinal  can  be  seen  dying  out 
among  the  peaks  overhanging  the  Manirang  pass,  whilst  to  the  north-west  it  may 
be  traced  for  about  ten  miles  beyond  Dhankar,  the  bottom  of  it  rising  higher  and 
higher  and  fading  away  in  the  mountains  on  the  right  bank  of  the  Spiti. 

This  sharp  bend  in  the  strata  brings  down  the  upper  rocks,  and  amongst  them 
I  observed  a  conglomerate,  in  a  cliff  overhanging  the  road  on  the  left  bank. 
There  is  about  40  feet  of  it.  The  matrix  is  a  brown  slaty  rock ;  and  it  contains 
numerous  pebbles  of  white,  grey  and  reddish  quartzite  of  irreg^ar,  rounded  and 
subangular  shapes.     The  largest  I  saw  was  about  4  inches  in  diameter. 

This  rock  resembles  the  Blaini  conglomerate  of  the  Simla  area.  On  the  con- 
glomerate rests  a  limestone  containing  numerous  fossils,  but  in  such  bad  preserva- 
tion that  none  have  been  clearly  identified*    This  was  followed  in  the  ascending 

>  Mani  ii  on  the  right  bank  below  Dhankar. 
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order  by  a  brown  sandstone  which  donbtless  belongs  to  Dr.  Stolicska's  earbonifer- 
ons  series.  Then  came  tains,  then  slates  followed  by  limestones  interbedded  with 
slates,  and  finally  massive  bine  compact  limestone  (Lilang),  weathering  bine  and 
brown  in  irregular  patches. 

The  Lilang  limestones  which  are  exposed  from  this  point  almost  the  whole 
way  np  the  valley  are  very  like  typical  EjoI  rock.  In  color,  in  the  thickness  of 
their  beds,  and  in  often  containing  tortnons  white  calcite  markings,  they  much 
resemble  the  rocks  of  that  series.  As  I  have  described,  the  Lilang  limestones  of 
the  Spiti  valley,  and  the  dark  limestone  seen  at  the  top  of  the  Hangrang  pass,  as 
both  resembling  iypical  Elrol  rocks,  I  need  perhaps  hardly  add  that  they  also 
closely  resemble  each  other.  In  the  absence  of  fossil  evidence  to  the  contrary, 
I  conclude  that  the  upper  Hangrang  beds  belong  to  the  Lilang  series. 

I  may  mention  in  passing,  that  I  saw  the  conglomerate  again  a  few  miles 
beyond  Dankar,  on  the  left  bank  of  the  Spiti,  a  few  feet  only  above  the  bed  of 
the  stream.  A  considerable  thickness  of  a  light  colored  calcareous  sandstone 
containing  pebbles  similar  to  those  in  the  conglomerate  opposite  Mani  is  overlaid 
by  a  brown  slaty  rock,  also  containing  similar  pebbles.  This  conglomeratic 
sandstone  is  composed  of  grains  of  unequal  size  cemented  together  with  carbonate 
of  lime  and  earthy  matter  exhibiting  rusly  reddish  spots  on  the  fractured  surface. 
It  appears  to  have  been  squeezed  up  from  below  the  strata  at  the  point  indicated, 
having  been  subjected  to  great  strain  and  contortion. 

The  section  from  Dankar  up  the  Spiti  is  described  at  pp.  26,  33  of  Dr. 
Stoliczka's  Memoir,  and  it  appears  from  the  remarks  at  p.  33  that  between  Losar 
and  the  Kunzam  pass,  the  section  is  a  repetition  of  that  described  by  Dr.  Stolicz- 
ka  between  Muth  and  Kuling.  At  the  point  where  the  road  turns  up  the  Lichu 
valley  between  Losar  and  the  Kanzam  pass,  I  observed  a  thick  bed  of  pink  lime- 
stone ;  but  as  a  storm  of  two  and  half  days'  duration  had  covered  the  whole 
country  with  snow,  and  inflicted  on  me  a  sharp  attack  of  snow-blindnessi  I  was 
unable  to  explore  this  localiiyin  detail. 

The  slates  re-appeared  near  the  Kanzam  pass.  From  the  top  of  the 
pass  (elevation  14,981  feet,  T.  S.),  down  to  K&tza,  a  halting  place  where  the 
Ghota  Shigri  river  joins  the  Chandra,  they  resemble  typical  Simla  slates.  Dip 
north-east-by-north.  On  the  left  bank  at  Eiltza  the  dip  suddenly  changes  to 
very  high  south-south-west,  and  the  slates  are  more  sUicious,  and  some  of  them 
have  a  micaceous  glaze  previously  absent.  The  central  gneiss  appears  with 
the  Bara  Shigri  river,  and  huge  blocks  of  it  form  a  prominent  feature  in  the 
moraine  of  the  Shigri  glacier.  As  I  was  making  forced  marches  over  heavy  snow, 
I  could  not  linger  to  explore  this  interesting  neighbourhood,  but  Dr.  Stoliczka 
states  (p.  15  of  Memoir)  that  '*  the  boundary  of  the  gneiss  and  of  the  overlying 
Silurian  rocks  "  may  be  seen  on  a  stream  north  of  the  Shigri  glacier,  six  miles  in 
a  straight  line  south  of  the  Kanzam  pass.  The  Chota  Shigri  is  probably  the 
stream  indicated. 

>  SeeulMo^,  17  and  p.  841  of  Vol.  V. 
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The  Shigri  moraine  passed,  the  tains  of  the  monntains  on  the  left  bank  of  the 
Chandra  consists  of  nothing  but  blocks  of  central  gneiss,  and  finally  that  rock 
itself  crops  oat  in  bUu  on  the  road  side. 

The  absence  of  blocks  of  foreign  rocks,  I  notice  in  passing,  is  hardly  f ayonr- 
aihle  to  the  yiew  that  the  glaciers  of  the  npper  Chandra  became  confluent  and 
flowed  down  the  valley  in  recent  geological  times. 

The  central  gneiss  of  the  Chandra  valley  is  often  granitoid,  and  is  penetrated 
by  the  albite  granite  (Memoirs,  vol.  Y,  p.  170).  It  extenda  to  near  the  top  of  the 
fiampta  pass  (elevation  14,000  feet),  where  mica  schists  show  under  it^  dipping 
north-west.  Descending  into  the  Kulu  valley  the  gneiss  shows  for  a  considerable 
way,  when  it  is  succeeded  by  mica  schists.  The  dip  flat  on  the  top  of  the  pass, 
gradually  veers  round  to  west,  and  this  again  brings  down  the  gneiss.  The  dip, 
which  is  usually  low,  wavers  about  sometimes  in  one  direction  and  sometimes 
in  another,  being  south-east  at  Jagatsukh  and  north-east  at  Dw&ra. 

The  continuance  of  the  central  gneiss  in  the  micaceous  and  silicious  schist 
beds,  up  to  a  mile  north  of  Naggar,  is  attested  by  the  presence  of  angular  blocks 
on  the  road  side  that  have  tumbled  down  from  cli&  above.  From  this  point  to 
Bajaura  the  metamorphic  rocks  consist  principally  of  a  dull  brown  mica  schist, 
tluLt  smells  earthy  on  the  fractured  surface,  and  generally  does  not  show  any 
indication  of  mica  on  its  weathered  surface^ 

The  section  between  Sultanpur  and  Narkanda  has  been  described  by  Mr.  Med- 
Hoott  (Memoirs,  vol.  Ill,  p.  57),  but  I  may  briefly  note,  to  complete  this  sketch, 
that  the  Sutlej  valley  limestones  suddenly  crop  up  about  a  mile  south  of  Bajaura, 
and  abruptly  disappear  about  two  and  half  miles  north  of  Manglaur,  where  schists 
similar  to  those  described  as  occurring  between  Naggar  and  Bajaura  re-appear. 
The  gneiss  shows  in  force  several  times  between  Kot  and  Dulash,  and  frequently 
from  thence  down  to  the  bed  of  the  Sutlej,  On  the  Kotgarh  side,  the  .  dip  coin- 
ciding with  the  slope,  it  is  the  only  rock  seen  for  1,900  feet  of  vertical  height 
above  the  river.  From  this  point  to  within  a  few  miles  of  Mattiina  the  rocks 
consist  of  schists  similar  to  those  south  of  Naggar  in  the  Kulu  valley. 

The  "graphitic  schists  "  on  the  north  side  of  the^Jalori  pass'  are  very  similar 
to  rocks  seen  round  Kotgarh,  and  between  the  latter  place  and  the  Nogli  river 
south  of  B&mpur.  These  rocks  puzzle  me  very  much.  They  are  dark  carbon- 
aceous schists  or  slates  with  a  micaceous  glaze  on  them,  and  by  their  disintegration 
make  coal-black  earth.  They  are  associated  with  limestone  which  occurs  in  more 
than  one  place  on  the  north  side  of  the  Jalori  pass,  and  a  band  of  which  crops  up 
in  several  places  under  Kotgarh  and  along  the  Sutlej  valley  up  to  the  Nogli 
river.  Are  these  Infra- Krol  rocks,  lying  closely  on  the  crystalline  series,  or  do 
they  belong  to  the  latter  ?  The  former  would  appear  to  me  probable. 

But  without  drawing  any  inference  from  these  doubtful  rocks,  my  observations 
during  the  present  and  previous  tours  show  that^  on  the  north  as  on  the  south  of 
the  central  g^neiss,  the  upper  calcareous  groups  of  the  great  palsdozoic  series 
originally  .overlapped  the  slaty  series  and  rested  on  the  crystallines. 

»  Mem.  O.  8, 1.,  Vol.  III,"pt.  2,  p.  57. 
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Glacution. 

On  the  top  of  Chandan  Namo  pass  (close  to  the  Gra  station,  above  CHango), 
I  observed  a  considerable  number  of  rounded  river  boulders  of  red  quartzite  and 
other  rocks  that  do  not  occur  locally.  The  red  quartzite  was  probably  derived 
from  the  Muth  beds  in  Spiti.  Beyond  and  at  a  lower  level,  I  occasionally  met 
with  rounded  boulders  of  trap,  doubtless  from  the  palaeozoic  formation  of 
that  valley  (Memoirs,  vol.  V,  p.  20),  whilst  670  feet  above  the  Para  river,  I 
observed  numerous  horizontal  beds  of  river  conglomerate.  The  boulders  on  the 
top  of  the  Chandan  Namo  pass  were  undoubtedly  rounded  in  the  bed  of  a  river 
by  the  action  of  the  water,  and  there  are  no  grounds  for  supposing  that  they  were 
ice  borne.  The  only  explanation  that  appears  reasonable  to  me  is  that  the  bed 
of  the  Spiti  river  >vas  formerly  as  high  as  the  top  of  the  Chandan  N4mo  pass, 
which  is  about  2,400  feet^  above  the  present  bed  of  the  Spiti  river. 

Dr.  Croll,  in  chapter  XX  of  his  Climate  and  Time,  and  Professor  Geikie  in 
chapter  XXV  of  Juke's  and  Geikie's  Manual  of  Geology  (3rd  edition,  1872), 
discuss  the  rate  of  the  erosion  of  rock  surfaces  evidenced  by  the  amount  of  sedi- 
ment annually  carried  down  by  the  river  systems  ;  and  the  rate  of  erosion  at 
which  seven  rivers  specified  remove  one  foot  of  rock  from  the  general  surface  of 
their  basins  is  said  to  vary  from  6,346  years  in  the  case  of  the  Danube,  and  6,000 
years  in  the  case  of  the  Mississippi,  to  929  years  in  the  case  of  the  Po.  The  rate 
given  for  the  Ganges  is  one  foot  in  2,358  years. 

Professor  Geikie  takes  "  the  proportion  between  the  extent  of  the  plains  and 
table  lands  of  a  country  and  the  area  of  its  valleys  to  be  as  nine  to  one,"  and 
assumes  "  that  the  erosion  of  the  surface  is  nine  times  greater  over  the  latter  than 
over  the  former  area."  If,  adopting  this  principle,  we  assume  that  within  the 
mountain  valleys  of  the  Gangetic  basin  the  erosion  is  nine  times  more  rapid  than 
over  the  rest  of  the  basin,  this  would  make  the  rate  of  erosion  over  the  mountain 
area  one  foot  in  262  years. 

But  the  agents  of  denudation  are  much  more  powerful  within  the  river  basin 
of  the  Ganges  than  within  that  of  the  Sutlej.  The  watershed  of  the  Ganges 
embraces  a  large  area  of  exceptionally  heavy  rainfall,  rising  as  high  as  524  inches 
per  annum  in  the  Khasi  hills,  being  **the  greatest  I'ainfall  in  the  world," 
(Huxley's  Physiography,  p.  48)  ;  and  within  this  area  the  agents  of  denudation 
must  operate  with  exceptional  activity.  The  rainfall  over  the  watershed  of  the 
Sutlej,  on  the  other  hand,  is  comparatively  light,  being  probably  greatest  at 
Simla,  where  the  average  for  15  years,  from  18G2-63  to  1876-77,  was  75*1  inches. 
As  you  proceed  higher  up  the  Sutlej,  the  fall  decreases,  and  beyond  Wangtu 
becomes  extremely  light. 

^  Measured  by  my  aneroid  barometer,  the  elevation  of  the  Spiti  river  at  Leo  ii  9,550  feet,  and 
at  the  confluence  of  the  Qhu  river  10,125  feet,  the  distance  between  the  two  points,  measured 
straight  across  the  map.  being  13  miles.  The  top  of  the  pass  measured  by  my  barometer  is  12,840 
feet.  The  weather  being  flue  and  cloudless,  there  could  have  been  little  variation  fi'om  climatic 
cautics. 
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Mr.  J.  B.  Ljall,  in  his  settlement  report  of  the  Eangra  district  (1874),  states 
(page  164)  that  "light  showers  of  rain  occur"  in  Spiti,  "in  Jnly  and  August; 
and  in  winter,  snow  falls  only  to  the  depth  of  2^  feet."  As  "  10  inches  of  snow 
roughly  represents  1  inch  of  rain  "  (Huxley's  Physiography,  p.  63),  2|  feet  of 
snow  is  equivalent  to  a  rainfall  of  3  inches.  Even  on  the  assumption  that  the  fall 
of  anow  on  the  high  peaka  and  passes  is  greater  than  that  mentioned  by  Mr  Lyall, 
the  average  for  the  whole  of  the  Spiti  valley  cannot  be  in  excess  of  10  inches  in 
the  year,  and  the  bulk  of  this  falls  as  snow. 

No  hot  winds  penetrate  to  these  elevated  and  mountain-locked  regions  to 
cause  sudden  thaws  ;  the  clear  frosty  air  is  usually  without  a  cloud,  and  the  snow 
"melts  gently"  (Lyall,  p.  162). 

That  denudation  proceeds  slowly  in  the  region  under  consideration  will,  1 
think,  be  evident  when  we  consider  that  though  the  Spiti  (a  tributary  of  the 
Sutlej)  flows  over  comparatively  soft  limestones  and  friable  slates,  whilst  the  Sutlej 
at  Wangtn  has  to  cut  its  way  for  miles  through  intensely  hard  granitic  gneiss,  yet 
the  bed  of  the  Spiti  opposite  Shalkar  is  still  4,724  feet  above  the  Sutlej  at 
Wangtn,^  the  distance  between  the  two  points  being  only  45  miles  as  the  crow 
flies. 

The  deepening  of  the  bed  of  the  Satlej  at  Wangtu  must  be  a  very  slow 
processy  but  clearly  the  excavation  of  the  Spiti  valley  is  a  still  slower  operation. 

The  fall  of  the  Sutlej  at  Wangtu  is  about  50  feet  per  mile. 

I  think,  with  reference  to  the  only  data  we  have  to  enable  us  to  form  a  rough 
idea  on  the  subject,  that  the  rate  of  the  deepening  of  the  bed  of  the  Spiti  at  the 
point  under  consideration  is  probably  not  more  rapid  than  1  foot  in  400  years. 
At  this  rate  it  would  require  960,000,  or  in  round  numbers  say  about  one  million 
of  years,'  for  the  excavation  of  the  Spiti  valley  between  Shalkar  and  the  Ga 
station. 

At  the  rate  of  1  foot  in  400  years,  the  total  depth  excavated  in  80,000  years 
would  be  200  feet  only;  so  that  if  the  last  glacial  epoch  terminated  as  recently  as 
80,000  years  ago,  the  date  fixed  by  Dr.  CroU  on  astronomical  data  (pp.  325-327, 
Climate  and  Time) ,  the  Upper  Sutlej  and  Spiti  rivers,  and  the  agents  of  denud- 
ation operating  on  the  slopes  of  their  watersheds,  cannot  have  effaced  the  broader 
marks  of  the  work  done  by  glaciers  during  that  period.  If  then  any  grecU  increase 
of  glaciation  during  the  last  glacial  epoch  took  place  in  the  region  under  consider- 
ation, we  ought  to  find  decided  traces  of  ice  sculpture  in  our  Himalayan  upland 
■lopes  and  valleys. 

A  similar  conclusion  appears  to  have  been  arrived  at  by  experienced  geo- 
logists regarding  England.     "  Post-glacial  denudation  generally,"  states  Mr.  Good- 

1  The  Satlej  nt  Wangtn,  116  miles  beyond  Simla,  is  5,200  feet  above  the  sea. 

'  This  is  less  than  half  the  rate  adopted  by  Geikie  for  his  average  valley.  **  For  we  find  by  a 
■tmple  piece  of  arithmetic,  that  at  the  rate  of  denudation  which  we  have  just  postulated  as  probably 
a  fair  average,  a  valley  1,000  feet  deep  may  be  excavated  In  1,200,000  years,  a  period  which^  in  the 
eyes  of  most  geologiitt,  will  seem  short  enongh."     Jnke*s  and  Oeikte's  Manual,  p.  431. 
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ckild  (Q.  J.  Q.  8.,  vol.  XXZI,  p.  M>  "  has  affected  so  little,  tha4}  by  far  the 
greater  part  of  the  present  snr&ee-eoixfigiiratioii  has  in  one  way  or  another 
resulted  from  the  former  presence  of  the  g^reat  ice  sheet.*' 

Bearing  this  principle  in  mind,  I  looked  aroond  me,  during  mj  recent  tour, 
for  the  eyidences  of  former  glaciation.  I  do  not  know  whether  anj  one  has 
ever  supposed  that  the  Himalayas  were  covered  during  the  last  glacial  period 
with  an  ice  cap,  but  I  may  note  that  whilst  I  saw  nothing  to  favor  such  an  idea, 
I  saw  much  to  negative  it.  The  contour  of  the  hills  and  valleys  in  those  parts 
of  the  interior  of  the  Hiaaalayas  that  I  have  visited  is  sharp  and  angular,'  and 
where  rounded  outlines  are  seen,  they  are  sufficiently  explained  by  the  action  of 
sub-aerial  forces  on  comparatively  soft  and  friable  rocks. 

But  setting  aside  tho  idea  of  an  ice  cap,  the  (Question  remains — ^was  there 
formerly  any  great  extension  of  local  glaciers,  and  if  so,  within  what  limits  ?  To 
this  question  I  answer  that,  whilst  I  saw  evidence  of  the  former  extension  of 
existing  glaciers,  I  saw  nothing  during  my  tour  to  lead  me  to  believe  that  these 
glaciers  had  ever,  within  a  reasonable  geological  period,  extended  lower  than 
11,000  or  12,000  feet  above  the  sea. 

On  looking  down  from  a  high  vantage  ground,  deep  narrow  side  valleys  may 
be  seen  on  the  Upper  Sutlej,  below  that  level,  in  which  the  course  of  the  streams 
flowing  through  them  is  so  sinuous  that  the  sharp  headlands  formed  by  their 
sudden  bends  interlace  like  the  nuts  of  cogwheels  working  into  each  other. 
The  flow  of  ice  in  a  glacier  being  analogous  to  the  flow  of  water  in  a  river 
and  its  tributaries,  a  grand  glacier  filling  the  valley  of  the  Sutlej  would  not  have 
prevented  the  flow  of  ice  from  the  side  glaciers  into  the  main  glacial  stream. 
But  had  these  side  valleys  ever  been  filled  with  glaciers,  the  sharp  interlacing 
headlands  would  have  been  gradually  worn  down  to  smooth  suifaoes,  and  the 
valleys  straightened  and  widened. 

The  only  valley  in  the  Himalayas  I  have  yet  seen  that  is  shaped  like  a 
glacier  valley  is  the  Spiti  valley.  The  greater  part  of  it  is  more  than  11,000  feet 
above  the  sea,  and  its  bottom,  especially  in  the  upper  half  of  the  valley,  is  broad 
and  flat)  whilst  the  bounding  mountain  sides  rise  abruptly  in  a  wall-like  manner 
at  a  high  angle,  and  send  no  sharp  projecting  spurs  into  the  valley.  But  if,  as 
I  think  highly  probable,  the  upper  portion  of  the  valley  owes  its  shape,  in 
part  at  least,  to  the  action  of  ice,  the  period  during  which  a  glacier  flowed  down 
the  straight  course  of  the  Spiti  river  must  have  been  very  remote ;  for  I  noticed 
about  half  the  way  up  the  valley  a  side  valley  partaking  of  the  character  of  those 
described  above ;  whilst  the  flat  boulder  bed  which,  in  the  upper  valley,  rises  high 
above  the  river,  seems  to  owe  its  origin  in  part  to  the  action  of  the  river,  and  in 
part  to  talus  shot  down  from  the  bounding  cliffisi.     It  is  not  of  glacial  origin. 

I  now  proceed  to  note  the  evidence  which  I  obtained  of  the  former  extension 
of  glaciers.  At  the  head  of  the  Spiti  valley  the  Lichu  river  flows  down  from  the 
peaks  that  surround  the  Kunzam  pass,  into  the  Spiti.  There  is  probably  a  glacier 
up  the  side  valley  crowned  by  the  snowy  peak  20,581  feet  high,  but  there  is  now  no 
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glacier  in  the  Lichn  valley  between  tlie  Spiti  and  the  Ennzam  pass.  About  four 
miles  in  a  straight  line  from  the  top  of  the  Kunzam,  a  spur  from  the  Shilatakar 
peak  rons  down  to  the  Lichu  river,  and  an  ancient  glacier  in  its  course  down  the 
valley  igaust  have  ridden  over  it.  The  rocks  there,  at  an  elevation  of  14,000  feet^ 
are  Uiinlj  laminated  slates,  the  dip  of  which  is  perpendicular,  and  the  strike  of 
which  points  across  the  valley  at  right  angles  to  what  must  have  been  the  course 
of  the  ancient  glacier.  The  slates  generally  break  up  on  the  surface  in  thin 
flaky  slices,  but  here  and  there  long  patches  of  the  rock  are  moutowaie^  polished 
and  sbriated.  The  polishing  is  even  now  sufficiently  perfect  to  obliterate  all 
traces  of  the  lamination  of  the  slates.  The  striaa  are  well  marked;  they  are 
generally  in  a  direction  of  the  axis  of  the  valley,  though  they  often  cross  each 
other  at  inconsiderable  angles.  As  evidence  of  former  ice-action  nothing  would 
be  more  complete  and  perfect.  The  splinting  friable  slate  on  which  this  ice- 
action  is  recorded  is  the  last  sort  of  rock  on  which  I  should  have  expected  to 
find  it. 

Kegarding  the  recession  of  glaciers,  I  note  that  the  Big  Shigri,  as  evidenced 
by  its  terminal  moraine,  has  shrunk  somewhat;  but  in  the  case  of  the  Pirad 
glacier,  the  next  to  the  west  of  the  Bara  Shigri,  the  shrinking  is  very  evident. 
The  road  passes  within  about  quarter  of  a  mile  of  this  glacier,  and  from  either 
side  of  it  a  large  lateral  moraine  may  be  seen  curving  down  the  valley  until  it 
reaches  the  river,  three-quarters  of  a  mile,  or  a  mile,  from  the  present  end  of  the 
glacier. 

Again,  the  head  of  the  valley,  up  which  the  road  to  the  Hamta  pass  lies,  is 
filled  by  a  glacier  that  extends  a  little  below  the  entrance  to  the  pass.  The  old 
terminal  moraine  of  this  glacier  may  now  be  seen  about  one  and  a  half  miles 
lower  down  the  valley,  rising  in  steep  banks  some  50  or  60  feet  above  the  talus, 
shot  down  from  the  sides  of  the  valley. 

About  a  quarter  of  a  mile  below  the  Pirad  glacier,  on  the  side  of  one  of  the 
moraines,  there  is  a  huge  block  of  the  central  gneiss,  well  rounded,  polished  and 
striated  on  all  sides  but  one.^  The  impression  I  derived  from  examining  it  was 
that  it  must  have  originally  been  a  boss  of  rock  projecting  from  the  side  or 
bottom  of  the  glacier  bed,  and  that  it  was  ultimately  torn  away  from  its  parent 
rock  and  deposited  where  it  now  rests.  I  did  not  measure  the  block,  but  it 
cannot  be  smaller  than  50^  X  SO'  X  50^.  One  side  has  been  ruptured  from  the 
block,  apparently  by  the  action  of  frost  on  water  filling  a  crack,  and  its  pieces 
rest  by  its  side. 

1  Exclusive  of  tbe  side  on  which  it  resti,  which,  of  conne,  cannot  he  seen. 


70  Records  of  lie  Geological  Survey  of  India,  [vol.  xii. 

Note  on  a  recent  mud  bbuption  in  RImbi  Island  (ArakAn)  by  F.  B.  Mallet, 

F.G.S.,  Qeological  Survey  of  India, 

In  the  accoTint  of  the  mnd  volcanoes  of  B4mri  and  Cheduba  given  in  Yolnme 
XI,  part  2,  it  is  mentioned  that  there  is  a  notion  prevalent  amongst  the  islanders 
that  eruptions  take  place  more  frequently  duHng  the  rains  than  at  othex  times  of 
the.  year.  The  few  dates  of  eruption  on  record,  in  as  far  as  they  go,  do  not  bear 
out  this  idea,  but  the  number  is  too  small  to  generalise  upon. 

Were  the  idea  of  an  increase  in  activity  during  certain  months  of  the  year 
confined  to  the  unsophisticated  inhabitants  of  these  islands,  the  point  might 
perhaps  be  scarcely  worth  examination.  A  greater  tendency  to  eruption  at  certain 
periods  has,  however,  been  suspected  to  exist  in  some  other  parts  of  the  world. 
It  is  stated  by  Dr.  Horsfield,  that  eruptions  from  the  mud  volcanoes  of  Java  are 
more  violent  during  the  rainy  season  than  at  other  times,  and  M.  Dubois  de 
Montp6reux  mentions  that  out  of  six  eruptions  from  the  mud  volcanoes  near  the 
entrance  to  the  Sea  of  Azov,  five  occurred  between  February  and  the  10th  of 
May,  the  only  known  autumnal  eruption  having  been  on  the  5th  September.^ 
Whether,  therefore,  the  belief  of  the  Arakan  islanders  be  well  founded  or  not, 
the  point  is  worth  investigation. 

In  this  connection  the  following  letters,  which  have  been  placed  at  the  dis- 
posal of  the  Geological  Survey  by  the  Commissioner  of  Arakan,  are  valuable  as 
the  first  contribution  towards  a  catalogue  of  eruptions  sufficiently  extended  for 
generalisation.  It  is  hoped  that  we  may  be  able  to  make  such  in  time  through 
similar  communications  from  the  Officials  of  the  Bamri  district,  and  others  who 
may  take  an  interest  in  the  subject.^ 

From  Captain  J.  Butlbb,  Deputy  Commissioner,  Kyouk  Phyoo,  to  the  Commissioner  of 

Arak&n,  Akyab,— No.  36-12,  dated  the  16th  July  1878. 

In  complianoe  with  the  instructions  conveyed  in  yoar  letter  No.  732-165,  General  Depart- 
ment, dated  22nd  ultimo,  I  have  the  honor  to  state  that  the  following  individuals  were 

1  Becords,  G.  S.  I.,  Vol.  XI,  p.  201. 

-  It  will  bo  seen  by  reference  to  the  paper  quoted  above,  that  there  are  some  other  points,  also, 
connected  with  the  emptions,  concerning  which  onr  information  is  not  snfliciontly  detailed.  The 
following  list  of  questions  may  perhaps  be  useful  as  a  guide  in  obtaining  information  from  the 
villagers : — 

1.  Informant's  name  and  village. 

2.  JxHsality  at  which  the  emption  took  place.  Name  of  village,  with  distance  and  bearings 
from  one  or  two  well-known  places. 

3.  Date  of  eruption,  and  time  of  day  at  which  it  commenced. 

4.  Was  it  preceded  or  accompanied  by  any  perceptible  earthquake  ? 

6.  How  long  did  the  eruption  last  ?  Did  it  begin  suddenly,  or  increase  gradually  in  violence, 
and  did  it  end  suddenly  or  gradually  ? 

6.  Were  there  any  flames  during  the  eruption  ?  If  so,  how  high  did  they  rise  above  the  top 
of  the  hill,  when  largest,  and  how  long  did  they  last  ?     Was  the  flame  continuous  or  intermittent  P 

7.  What  is  the  shape  of  the  hill,  and  its  height  ?  Was  it  formed  entirely  during  the  recent 
eruption,  or  was  part  of  it  there  previously  ?  Is  it  conical,  and  is  there  a  basin  or  hollow  (crater) 
at  the  top  ?     If  so,  what  is  the  diameter  of  the  hollow,  and  does  it  contain  mud  ? 
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examined  by  the  Kin  Tboogyee,  relatiye  to  the  volcanic  eruption  which  took  place  in  his 
circle  a  few  months  ago,  viz, : — 

1.  Knlla-kyee  of  Kon-boung  Tau  Village, 

2.  Ta-ba  Hkyoang  of  Peu-lay»na    ditto, 

3.  Pan  Hk  Oo  of  ditto         ditto, 

4.  Tha  Htoon  Hpyoo  ditto  ditto, 
6.  Tha  Htoon  Oung  ditto  ditto, 
6.  Ya-ba  Oang  of  Iioung  Hkyooein  ditto, 

and  from  their  collective  evidence  the  Thoogjee  has  communicated  the  following : — 

1.  The  eruption  occurred  near  the  village  of  Peu*lay-na,  a  spot  bearing  about  460  yards 
north  of  the  above  village,  1,000  yards  west  of  the  Yua  Ma  village,  and  i  of  a  mile  east  of 
the  tea^shore. 

2.  It  occurred  on  the  19th  of  March  1878,  at  7  o'clock  in  the  morning. 

3.  No  earthquake  occurred,  the  earth  merely  cracked,  and  from  the  fissure  a  hill  began 
gradually  to  rise. 

4.  The  eruption  lasted  11  days,  and  began  increasing  gradually  day  after  day,  ending  in 
the  same  manner.  This  was  ascertained  by  means  of  a  post  which  was  put  into  the  earth 
for  the  purpose  of  watching  the  height  of  the  hillock  as  it  increased.  A  few  days,  however, 
before  the  eruption  ceased,  the  post  was  found  lying  some  14  or  15  cubits  distant  from  the 
place  where  it  had  been  put  in. 

6.  Ko  flames  occurred  at  the  time  of  the  eruption :  a  lad,  however,  who  happened  to  be 
close  to  the  spot,  accidentally  dropped  into  the  crater  a  box  of  matches,  when  immediately  a 
lai^  flame  to  the  height  of  about  25  cubits  above  the  top  of  the  hill  issued  forth,  and  which 
continued  burning  for  two  days  and  a  night  before  it  went  out. 

6.  The  shape  of  the  hill  is  said  to  resemble  an  inverted  boat,  and  its  height  is  18  cubits. 
There  was  previously  in  the  same  spot  a  small  hill  about  9  feet  high,  and  on  this  hiU  the 
eruption  took  place.  The  hill  is  flat  on  the  top,  cracked  in  several  places,  and  the  ciucks 
filled  with  mud. 

7.  The  lava  or  stuff*  thrown  up  was  mud  mixed  with  stones,  and  the  mud  thin  and 
watery ;  when  first  thrown  out  the  mud  was  warm.  Inside  the  cracks  it  is  very  hot  when 
felt  by  the  hand.  The  stones  were  small  in  size,  and  were  not  thrown  up  much  higher  than 
the  summit  of  the  hill. 

8.  There  is  another  hill  of  the  same  kind  as  this  one  in  the  neighbourhood  which  was 
formed  over  a  hundred  years  ago. 


8.  Was  the  stuff  thrown  up  mud  only,  or  mud  mixed  with  stones  ?  Was  the  mud  thin  and 
watery,  or  thick  ?  Was  it  cold,  warm,  hot  or  very  hot  when  first  thrown  out  ?  How  large  were 
the  biggcbt  stones  thrown  out,  and  how  high  were  they  thrown  ? 

9.  Are  there  any  other  hills  of  the  same  kind  in  the  neighbourhood,  and  if  so,  have  any  of 
them  been  formed  during  the  remembrance  of  the  present  generation ;  if  so,  how  many  and 
when  ? 

Any  further  information  will  also  be  acceptable. 


'  Specimens  sent  to  the  Geological  Museum  were  light  grey  mud  and  pieces  of  grey  shale, 
few  pieces  were  reddish,  doubtless  froip  having  been  exposed  to  the  heat  of  the  flames.^  ^ 


A 

Vide 
Vol.  Xr,  pp.  196,  201.202. 
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9.    The  Bannese,  as  ft  rale,  are  very  rapersiitions  in  matten  of  this  sort,  and  generally 
ascribe  sach  a  phenomena  to  the  work  of  a  dragon  (Nagah). 

From  Captaik  Gbohqb  Alxzandbb,  Offidatinir  Deputy  Commissioner,  Kyouk  Phyoo,  to 
the  Commissioner  of  Arak6n  Division,  Aky&b,— No.  3,  dated  Camp  Bamri,  11th  De- 
cember 1878. 

I  hare  the  honor  to  submit  a  farther  report  on  the  subject  of  the  Tolcanic  emptton  near 
Moo-yin  in  the  island  of  R&mri,  and  in  continuation  of  my  letter  No.  36-12  of  1878. 

The  mound  first  made  its  appearance  on  the  night  of  the  18th  March  1878 ;  at  least  the 
first  people  who  saw  it  were  some  women,  who  went  out  to  cut  wood  before  dawn  on  the 
morning  of  the  19th,  and  came  across  a  mound  gradually  rising  from  the  earth,  and  being 
frightened,  believing  that  it  was  a  "  Nagah  Doung",  or  hill  raised  by  a  dragon,  they  ran  away. 
They  saw  no  fire,  nor  did  they  perceive  any  earthqaake.  They  state  that  the  mound  continued 
rising  for  12  days,  and  that  it  was  on  fire  for  a  day  and  a  night.  Lah  Bah  Chyoung,  the 
writer  of  the  circle  Thoogyee,  who  visited  the  spot  at  about  noon  on  the  day  in  question, 
says  he  found  smoke  and  fire  issuing  from  cracks  in  the  mound  when  he  arrived,  but  states 
that  the  surface  of  the  ground  was  smooth  and  hard ;  that  the  earth  was  being  forced  out  of 
an  area  of  about  three  bamboos  or  36  feet  in  length,  and  gradually  made  its  way  westward 
towards  the  sea.  It  appears  to  be  doubtful  whether  the  mound  itself  vomited  fire,  or  whether 
it  was  set  on  fire  by  a  small  child  with  a  cheroot ;  at  any  rate  it  was  on  fire  on  the  day  after 
its  appearance,  and  the  flame  burnt  for  two  days,  not  steadily  and  regularly,  but  spurting  up 
into  the  air  by  fits  and  starts,  for  some  20  or  30  cubits ;  there  was  a  strong  smell  of  eariii-oil 
whilst  the  mound  was  on  fire,  and  it  is  described  as  having  been  so  powerfVil  and  pungent  as 
to  make  the  women  near  giddy ;  there  appears  to  have  been  no  active  sudden  eruption,  merely 
an  upheaving  of  the  earth  gradually.  And  the  villagers  state  that  sticks  planted  6  inches  or 
a  foot  in  the  ground  in  the  eventpg  would  be  found  to  have  been  carried  considerably  west- 
ward by  morning,  the  first  night  14  cubits ;  but  the  distance  kept  decreasing  inversely  as 
the  days  went  by.  This  information  is  gathered  from  the  women  who  first  saw  the  mound 
and  from  other  residents  close  by. 

Directly  inland,  and  at  a  distance  of  some  300  or  40O  yards  from  the  present  upheaval,  is 
a  conical  hill  which  has  the  appearance  of  being  one  of  volcanic  orison.  The  present  elders 
of  the  village  state  that  in  the  year  1146  (Burmese  era),  or  94  years  ago,  a  volcano  appeared 
which  threw  out  large  quantities  of  stones  and  residue,  and  gradually  formed  a  hill  which 
some  65  years  ago  was  about  23  feet  high,  and  which  is  now  estimated  at  about  40  feet  high, 
although  it  is  difficult  to  say  where  the  hill  begins,  and  the  top  is  considerably  more  than 
this  height  above  the  surrounding  paddy  cultivation.  This  mound  is  called  by  the  Arakanese 
"Nagah  Bwai"  or  dragon's  circle,  and  has  been  in  active  eruption  some  four  or  five  times 
during  the  life  of  one  of  the  present  elders,  at  a  few  hours  at  a  time,  and  the  stones  thrown 
out  on  each  occasion  have  caused  tbe  hill  to  increase  in  bulk.  Whenever  the  eruptions  took 
place  at  the  Nagah  Bwai  hill,  the  same  strong  smell  of  earth-oU  was  perceivable ;  the  last 
erupUon  took  place  about  five  years  ago.  Some  of  the  stones  found  at  the  spot  where  the 
last  upheaval  of  the  earth  occurred  have  been  collected  by  myself  personally,  and  as  the 
Officers  of  the  Geological  Department  expressed  a  wish  to  Imve  some  of  these  stones,  I  for- 
ward the  same,  as  they  may  cast  some  light  on  the  causes  that  influenced  this  phenomenon 
of  nature. 

There  seems  to  be  little  reason  to  doubt  that  earth-oil  in  one  form  or  another  was  the 

m 

disturbing  influence. 
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On  Braukitb,  with  Rhodonite,  fboh  near  NXopub,  CEtrTRAL  Provinces,  by 

F.  B.  Mallet,  f.o.s.,  Geological  Survey  of  India, 

Some  time  ago,  Mr.  W.  Ness,  Mining  Engineer  in  charge  of  the  Waroi*a 
Collieries,  sent  a  parcel  of  about  20  lbs.  of  manganese  ore  to  the  Greological 
Masenm,  with  a  notice  of  the  locality  in  which  it  had  been  found.  It  appears 
from  this  that  the  ore  occurs  on  the  south-east  side  of  Munsur  Great  Trigono- 
metrical Station,  a  hiU  three  miles  west  of  the  town  of  R^mtek,  which  is  about 
twenty  miles  north-east  of  Nfigpur.  Mr.  Wilson,  Executive  Engineer  of  the 
Xanhan  Division,  who  has  visited  the  place,  describes  the  outcrop,  which  strikes 
north-west,  south-east,  as  being  visible  for  about  a  quarter  of  a  mile,  with  a 
thickness  of  about  10  feet.  Mr.  Ness,  however,  is  inclined  to  think  that  some 
portions  are  inferior  to  the  samples  sent  to  the  Museum. 

The  latter  are  finely-granular  massive,  with  here  and  there  portions  which 
are  indistinctly  crystalline  on  a  larger  scale.  The  specimens  are  bounded  on  two 
opposite  sides  by  planes  which  appear  to  be  joint-faces,  approximately  ^r- 
pendicnlar  to  which  the  mineral  is  intersected  by  irregular,  more  or  less  elon- 
gated cavities :  the  larger  of  these,  are  about  an  eighth  of  an  inch  across,  and 
some  as  much  as  three  or  four  inches  long :  others  are  visible  only  under  the  lens. 
Many  of  them  are  partially,  or  almost  entirely,  filled  by  a  translucent,  light 
brownish-red  and  yellowish,  indistinctly  crystalline  mineral,  which  proved  on 
examination  to  be  rhodonite. 

The  color  and  streak  of  the  manganese  ore  are  brownish-black.  Hardness 
about  6*0.  The  specific  gravities  of  three  different  samples  were  4*  22,  4^36,  and 
4*46,  the  differences  (and  the  inferiority  in  gravity  to  that  of  braunite  in  crystals) 
being  doubtless  partly  due  to  minute  cavities. 

On  analysis  the  mineral  yielded,  counting  all  the  manganese  as  sesquioxide, 
according  to  the  formula  more  usually  adopted  for  braunite — 

Manganese  sesquioxide 
Iron  sesquioxide 

'^'•**''  •••  !••  •«•  ••• 

Magnesia 

Oxygen  in  excess  of  that  required  for  M^  0^ 

O  J  UIxt  (,f  ,,,  ,,,  ,,, 

Phosphoric  acid  ••• 

Combined   water 
Hygroscopic  water 
Dissemuiiiiated  ihodouite      ... 


78-64 

79-39 

9-78 

9-87 

120 

1-21 

tr. 

tr. 

1-65 

167 

600 

606 

•21 

•21 

2-61 

2-63 

•60 

••• 

•36 

••• 

10104 

101-04 

The  second  column  gives  the  composition  exclusive  of  hygroscopic  moisture 
and  thodonite,  scattered  minute  grains  of  which  can  generally  be  detected  by  the 
lens  even  in  the  most  homogeneous  specimens.     Being   but   little  acted   on    by 
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hydrochloric  add,  it  is  left  nndissolyed,  together  with  gelatinons  silica.  The 
excess  of  oxygen,  and  the  presence  of  water,  show  that  the  hrannite  is  not  in  a 
pure  state,  haying  probahly  undergone  partial  alteration. 

The  ore  contains  55*27  per  cent,  of  manganese  and  6'91  of  iron.  The  main  use 
of  manganese  ores,  however,  is  as  oxidizing  agents,  their  value  depending  on  the 
amount  of  available  oxygen  they  contain.  Pyrolusite,  or  peroxide  of  manganese, 
the  richest  in  oxygen  and  most  valuable  ore,  contains  when  pure  18*39  per  cent. ; 
and  ores  are  generally  vaJuated  by  the  percentage  of  peroxide  they  contain,  or 
more  correctly  speaking,  the  percentage  of  peroxide,  to  which  the  oxides  they 
contain  are  equivalent  in  available  oxygen.  The  average  run  of  ores  met  with  in 
commerce  contain  60  to  75  per  cent,  of  peroxide  =  about  11  to  14  per  cent,  of 
available  oxygen.  The  Nagpur  braunite  contains  9*71  of  available  oxygen  =  52*80 
per  cent,  of  peroxide.  As  an  oxidizing  agent^  therefore,  it  cannot  be  classed  as 
more  than  fairly  good. 

A  deposit  of  the  same  class  of  manganese  ore  was  found  by  Mr.  W-  T. 
Blanford  in  1872,  at  the  village  of  Kodaigowhan  (near  Khappa),  20  miles  due 
west  of  Munsur,  Great  Trigonometrical  Survey. 


Paljbontolooical  notes  from  the  Satpura   Coal-basin,  by  Ottokab  Fkibt- 

VANTEL,  M.D.,  Paheontologist,  OeologiccU  Survey  of  Indiu. 

In  the  beginning  of  last  year  (1878)  I  had  an  opportunity  of  traversing 

from  east  to  west  a  portion  of  the  great   Siltpnra  coal-basin,   with   the  special 

intention  of  collecting  fossils  at  certain  places.     Taking  as  guide  the  last  report 

Mobpini  field  ®^  *^^*  ground*  I  started  from  the  GadarwAra  station, 

Great  Indian  Peninsula  Railway,  for  the  Mohpdni  coal* 
field,  of  which  a  brief  description  was  published*  in  1870. 

With  assistance  of  the  manager  of  the  Mohpfini  coal  mines,  Mr.  Maughan, 
I  was  enabled  to  collect  what  fossils  were  to  be  got,  which  to  some  extent  per- 
mitted of  a  comparison  of  the  Mohpdni  coal  seams  (in  part  at  least)  with  some 
other  known  horizon  of  the  Indian  coal  strata,  as  given  in  my  recently  published 
flora  of  the  Talchir  sub-division.'  I  shall  repeat  only  what  is  necessary  for  general 
understanding  in  the  present  paper. 

In  the  report  referred  to,  the  close  relation  of  the  Talchirs  and  the  coal  beds 
in  the  Mohp&ni  coal-field  is  pointed  out ;  and  this  view  seems  to  be  supported  by 
the  fossils,  which  bring  these  coal  seams  on  the  horizon  of  the  Elarharbdri  coal 
beds,  which  latter  were  recently  shown  to  belong  to  the  Talchir  division. 

The  fossils  which  I  collected  were  found  in  a  band  of  shale  in  the  uppermost 
_,     .     .  of  the  Mohpini  coal  seams,  which  are  outcropping  in  the 

valley  of  the  Sitariva  river,  on  the  right  bank  of  which 
the  only  mines  of  importance  at  present  are  situated. 

*  H.  B.  Medlicott :  Mem.  Geol.  Siirv.  of  India,  Vol.  X. 
2  H.  B.  MetUicott :  Bee.  Geol.  Sunr.  of  India,  Vol.  111. 
>  Pal.  Indica,  Ser  XII,  1. 
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The  fossils  are  few  in  species,  although  numerous  in  specimens,  and  I  could 
observe— 

EquiselaceimM  staiki,  some  of  which,  I  think,  nro  of  Schizoneura;  Ounffamopteris,  pretty  fre- 
quent, both  in  the  original  form  G.  eyelopleroides,  and* as  a  variety,  i,  e.,  O,  cyclopteroldes,  var. 
miUmmmUu    Olostapteng  almost  eqnallj  numerooa  as  Qangamopierit, 

This  distribution  of  the  fossils  appeared  to  me  to  be  similar  to  that  in  the 
3rd  seam  of  the  Kaharbdri  coal-field,  and  as  I  endeaTOur  to  show  in  the  paper 
referred  to  that  this  seam  also  is  to  be  considered  as  belonging  to  the  Karharb&ri 
beds,  there  would  be  no  objection  to  the  Mohp4ni  seams  being  considered  also  as 
on  the  horizon  of  the  Karharb&ri  beds. 

From    Mohp&ni  I   moved    towards    Pachmari,    over    ground    formed    of 
F^rasochian  crocodile  at     Mr.   Medlicott*s   B4gra  and  Denwa  groups.     Close  to 
^^T*-  Jhirpa,  on  the  right  bank  of  the  Denwa,  a  specimen  of  a 

large  scute  of  a  Parasuchiun  crocodile  was  picked  up  by  Mr.  Hughes  two  years  ago, 
and  it  was  therefore  my  object  to  examine  the  place,  if  more  remains  could  be 
found.  I  followed  the  river  for  some  distance  in  north-western  and  western  direction, 
but  not  a  fragment  could  be  discovered ;  so  I  crossed  the  Denwa  and  moved  on  to 
Sing^aniLma,  on  the  road  from  Bankheri  to  Pachmari,  quite  close  to  the  boundary 
between  the  Denwa  group  of  rocks  and  the  next  lower  group,  the  Pachmari 
sandstone.^  To  the  east  of  Singanama,  about  1}  mile,  in  the  gorge  of  the  Denwa, 
«^.        .  ^  *  the  rocks  are  fully  exposed,  and  a  little  to  the  south  of 

the  village  Moar,  on  the  right  bank  of  the  river* 
the  junction  of  the  Pachmari  and  Denwa  groups  is  well  seen,  when  it  is  clearly 
obserred  that  the  Pachmari  sandstone  dips  without  any  unconformity  beneath 
the  Denwa  group  with  the  same  northerly  dip.  From  Mo&r  I  went  all  along  the 
Denwa  valley  to  the  north,  back  to  Jhirpa,  in  search  of  fossils  in  the  Denwa 
group,  but  also  this  time  nothing  was  found.  There  is  only  one  more  locality 
where  some  organic  remains  were  found  in  the  Denwa  group,  i.  e.,  far  to  the  west 
near  Kesla  on  the  road  from  Shipur  to  Itdrsi,  where  Mr.  Medlicott  procured 
Plant  remaina  in  the  some  plant  remains  in  a  very  crumbling  mottled  shale, 
Denwa  gronp.  which,  after  close  examination,  proved  to  belong  to  Oloss" 

opteris.    This  is  all  our  palseontological  knowledge  of  the  Denwa  group  up  to  date. 

Proceeding  from  8inganiLma  to  the  south-west  towards  Pachmari,  the  ground 
rises  rapidly  up  to  the  Pachmari  plateau,  which  has  an  elevation  of  3,481',  the 

surrounding  hills,  specially  to  the  south  and  south-west, 
being  much  higher,  rising  to  4^384'  in  the  Mahideo  hill, 

^  I  may  perhaps  meution,  thpt  before  crossing  the  Denwa  river  near  Jhirpa,  1  was  encamped  at 
Manljhar  on  the  road  from  Chindwara  to  Bankheri,  to  the  south-east  of  which  near  Anoni-Dh4na, 
there  is  a  hot  spring  with  exhalations  of  inflammable  gas;  it  is  at  the  head  of  a  small  nalUt  which 
xvceiTea  its  water  from  this  spring,  which  is  pretty  strong,  and  the  gas  escapes  at  about  ten 
places;  at  the  source  the  water  had  a  temperature  of  13(fF.;  below  this  it  is  collected 
in  a  sort  of  a  small  Unk,  where  it  shewed  lOS^F.,  and  from  here  it  passes  into  the  nnlla.  It  is,  of 
course,  in  high  estimation  with  the  natives,  and  close  to  it  is  a  primitive  temple  of  MaliiUeo  with  a 
Jogi  in  attendance. 
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to  4,317^  in  the  Chaoradeo,  and  to  4,454'  in  the  Dhupgorh.  Close  to  Singan^ma 
we  pass  from  the  Denwa  group  on  to  the  Pachmari  sandstone,  of  which  the  whole 
Pachmari  plateau  as  well  as  the  mentioned  hills  consist.  This  Pachmari  sand 
stone  proved,  in  spite  of  careful  examination,  unfossiliferous. 

Proceeding  from  Pachmari  southwards,  the  road,  always  over  Pachmari 
sandstone,  leads  close  bj  the  Mah^deo  hill,  passing  the  famous  Mah&deo  cave  in 
the  northern  flank  of  the  hill;  from  this  cave  the  descent  into  the  upper 
valley  of  the  Denwa  is  very  rapid,  down  the  steep  and  abrupt  slopes  of  the- 
southern  side  of  the  plateau.  About  1^  mile  before  reaching  the  Denwa  the  slope 
becomes  more  gentle,  and  before  reaching  the  police  station  at  foot  of  the  Pach- 
mari range  (which  is  about  |  of  a  mile  from  the  Denwa)  there  is  a  change  of 
rocks,  t.  6.,  under  the  Pachmari  sandstone  there  appear  soft,  sandy,  micaceous 
shales  of  greenish,  yellowish,  or  brownish-yellowish  colour,  which  apparently  have 
Shales  under  Pachmari  the  same  northerly  dip  as  the  overlying  Pachmari  sand- 
sandstone,  stone  ;  that  this  is  the  case  I  have  found  further  on. 
Here  these  shales  proved  unfossiliferous.  Similar  shales  occur  fuither  to  the 
north-west  near  Almod  and  Rorigh^t,  where  they  were  found  to  contain  only  some 
indistinct  plant  impressions. 

In  his  report  on  the  Satpura  basin,  Mr.   Medlicott,  speaking  of  his  Bijori 

^..    ..    .  horizon,  mentions  two  possibly  different  bands,  of  which 

Bi  jori  horizon.  '  f  <. 

the  higher  might  be  distinguished  as  Almod  beds  ;  and 
it  appears  to  me  that  the  shales  which  I  just  mentioned  as  cropping  out  under 
the  Pachmari  sandstone  might  possibly  represent  these  Almod  beds ;  because,  when 
proceeding  further  to  the  south  close  to  the  Denwa  river,  the  shales  change  some- 
what in  appearance,  they  become  a  little  harder,  greyish  and  grey  colours 
appear,  and  they  are  fossiliferous.  In  position  they  are  lower  than  the  shales 
mentioned  before,  both  having  the  same  dip.  To  have  a  better  opportunity  and 
more  time  to  collect  fossils  I  crossed  the  Denwa  river  near  Sangakhera  Dhdna 
and  encamped  at  Barikondam,  where  I  was  also  close  to  the  spot  where  the  reptile 
said  to  be  Arehegosaurus  was  found  in  this  lower  horizon. 

The  place  where  I  collected  fossils  in  the  shales  lies  directly  to  the  north  of 
Fossil  plants  in  the  Bijori     Barikondam,  on  the  left  bank  of  the  Denwa  river,  be- 
horiaon.  tween  this  and  the  police  station  at  the  foot  of  the 

Pachmari  range.  The  shale  crops  out  at  the  base  of  a  small  hill,  on  the  eastern 
slope  of  which  the  road  from  Pachmari  leads  to  the  Denwa  river,  cutting  through 
shales  containing  fossils.  A  little  to  the  east  of  this  hill,  but  still  before  crossing 
the  Denwa  river  (coming  from  Pachmari),  in  a  small  nalla  which  the  road  has  to 
cross,  an  instructive  section  is  exposed  showing  the  relation  of  the  strata  south  of 
the  Pachmari  range  to  the  Pachmari  sandstone,  as  follows,  in  ascending  order : — 

a.  Dark-grey  carbonaceous  micaceous  shales  dipping  north  at  about  16°,  con- 

taining Vertehraria. 

b.  Greenish-reddish  shales  slightly  micaceous. 

c.  Coarse  thin- bedded  sandstones,  with  the  same  northerly  dip. 
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Above  these  sandstones  is  a  series  of  sandy  micaceous  sbales,  which  in  this 
place  contain  no  fossils,  but  which  I  believe  to  be  the  same  as  those  at  the  base  of 
the  hill  mentioned  as  on  the  left  bank  of  the  Denwa  (north  of  Barikondam) 
where  I  obtained  fossils ;  above  these  sandy  shales  is  a  bed  of  fine  earthy  bluish- 
grey  or  reddish'grey  shales  with  plant  fossils.  Above  these  there  would  come  in 
the  sandy  micaceous  shales  which  I  mentioned  before  as  immediately  below  the 
Pachmari  sandstone,  and  then  these  sapdstones  themselves,  all  apparently  with 
the  same  dip.     I  obtained  the  following  fossils  from  these  localities  : — 

a.  From  the  base  of  a  small  hill  on  the  left  bank  of  the  Denwa  river  north 
of  Barikondam  in  brownish-yellow,  greenish-yellow,  sandy  and  earthy  micaceous 
shales  which  do  not  split  regularly;  the  fossils  are  plants  only  and  very 
fragmentary — 

Olo99opterU  communis,  Fstm. 

OlouopierU  with  horizontal  broad  mesbefl  (called  in  mannscript  OL  damudica). 

Olatsopteris,  another  form  with  distinct  polygonal  meshes,  which  form  occurs  also  in  the 
Baniganj  group  of  Bengal,  and  which  will  be  described  mOL  retiferct^ 

Peeopteris  comp.  angutia,  H.  (MerianopterU  an^usta,  H.).  This  species  occurs  in  the 
Trias  of  Europe.      ▲  form  of  the  same  genus  is  known  also  from  the  B^uiganj  group.  - 

Vtksonia  (comp.  Concinna),  a  form  which  appears  to  me  to  be  the  same  as  that  found  by 
Mr.  Hughes  in  the  Biniganj  group  of  the  Jherria  coal-field,  and  figured  by  me  in  1877.' 

&.  To  the  east  of  the  place  just  mentioned  fossils  were  found,  as  already  stated, 
in  fine  earthy  light  grey,  bluish-grey  or  reddish-grey  shales  which  appear  to  me 
to  be  above  these  shales.     The  fossils  were — 

SquUetaeeous  stalks,  of  which  some  may  belong  to  Schizaneura,  as  this  genus  was  found  in 
this  horizon. 

Veriebraria  indica,  Hoyle ;  small  specimens. 

Olo$9opterU  predominant ;  different  forms. 

OlossopterU  eommuni*. 

QloMsopierii  indioi,  Schimp.  (one  specimen  with  little  oblong  marks  as  if  indicating  the 

Don). 

OlottopierU  with  broad  horizontal  meshes  (GL  damudica). 

Glouopterisleptoneurat  Bunb.;  narrow  leaflets. 

Oangamopieri*,  a  form  with  small  roundly  ovate  leaves. 

A  round  winged  seed  of  the  genus  Samaroptis,  Gopp.,*  much  resembling  Heer's  Samaropg 
roiuudaia,* 

Some  other  small  seeds,  not  winged,  reaembling  very  much  seeds  of  the  same  kind  from 
Damuda  roeks  in  South  Bewa»  collected  by  Mr.  J.  G.  Medlicott. 

Besides  these  fossils   collected  by  myself,  there  were  some  other  specimens 

Other  fossil  plants  in  the     from  the   same   district  in  our  collections.     One  lot  of 

Snrvcy  collections.  about  fifteen  specimens    was  labelled,    **  Upper   Denwa 

valley  near  Barikondam ;"  the  fossils  are  plant  impressions  in  an  earthy-reddish 

'  Rec.  Geol.  Snrv.  of  India,  Vol.  X. 

«  Fructu9  tamaroideus,  membranaceus  compressus,  margine  alatus,  monospermus, 

>  Heer :  Flora  fossilis  arctica,  VoL  IV ;  Jura  flora  Ostsibiriens,  etc.,  p.  80. 
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ahale,  and  there  is  little  doubt  that  they  come  from  a  similar  bed  of  shales  to  that 
mentioned  before  as  aboye  the  sandy  micaceous  greenish-yellowish  shales  with 
fossils.     They  comprise— 

Sekizonefura  goudwanennt,  Fsbn.  The  same  form  tm  in  the  Baniganj,  Jherria,  and  Hingir 
coal-fleld. 

Qlouopterit  e<nmmuni»,  Fstm.    The  same  form  as  in  other  placet. 

Besides  these  there  is  a  single  specimen  labelled  "  Denwa  naddi,  Pachmari.*' 
It  contains — 

Trizygia  speciota,  Royle  (SphenophylUtm  irittfgia,  Ung.),  which  chiefly  occun  in  the  Ribii- 
ganj  coal-field  (lUnignnj  groupX  in  the  Talchir  coal-field  (BariLkar  group),  and  is  douhtfully  quoted 
from  the  Daranda  rocks  at  Pankah^. 

There  is  no  doubt  that  this  specimen  also  comes  from  this  fossiliferous  ssone 
of  shales  in  the  Bijori  horizon  in  the  Upper  Denwa  valley. 

If  we  now  consider  the  fossils  mentioned  above  as  coming  from  the  Bijori 

horizon  in  the  Denwa  valley,  t.  e.,  Schizoneura  gondwa- 

^^^^^K^^h^"^    nen*i>,  Fstm.,  Trizygia  spectosa,  Royle,  Verbehraria  indicot 

group.  Kroyle,  Glossojpteris  in  various  forms,  Pecopteris  atigustaj 

H.,  etc.,  we  find  that  all  these  occur  also  in  the  Rani- 
ganj  group  in  Bengal,  so  that  the  fossiliferous  band  is  correctly  considered 
as  representative  of  this  group  in  the  S4tpura  coal  basin,  in  which  case  those 
sandy  micaceous  unf  ossilif  erous  shales  immediately  below  the  Pachmari  sandstone, 
and  the  beds  of  the  same  position  near  Almod  and  Rorighat  (which  have  been 
distinguished  as  Almod  beds),  would  perhaps  represent  the  Panchet  group  of 
Bengal,  this  the  more  if  we  consider  the  dose  relation  of  this  group  in  Bengal 
with  the  Bdniganj  group,  and  the  much  smaller  number  of  fossils  in  the  former 
than  in  the  latter. 

I  made  also  a  search  from  Barikondam  to  the  west,  at  and  round  the  spot 
Archego9amr%9     in     the     where  the  said  Arckegosaurug  was  picked  up  by  Major 
Bijori  horizon.  Gowan  ;^  but  no  trace  of  any  fossil  was  found  in  the 

Bijori  sandstone. 

Fine  earthy  sandy-micaceous  greenish-yellowish  shales  were   observed,   as 
Shales  at  Almod  and  Ro-     already  mentioned,  near  Almod  and  Borighit ;  except 
"g'j^*-  indistinct  marks,  they  were  found  otherwise  unfossili- 

ferous,  and  they  appear  to  be  the  same  as  those  mentioned  before  as  imme- 
diately underlying  the  Pachmari  sandstone. 

Further  to  the  west,  however,  on  the  road   from   Rorighdt  to  Shdpur    (by 

Plants  between  Rorighit     Harapdla,  Jhuli,  &c.),  about  five  miles  from  this  place, 

and  Harapila.  J  found  in  a  nalla  some  shales  containing  plant  remains. 

>  Jonm.  As.  Soc,  Beng.«  XXXIIl,  1664^  pp.  336,  442. 
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They  are  dark  greeniBh-giej,  rather  hard,  slightly  micaceoas.     The  fossils  were 
not  many,  but  sufficient  to  indicate  the  horizon.  I  collected — 

Sekiumeura  ^ondwanensis,  Fstm.    One  leaf. 

VtriiiHraria  indica,  Boyle.  The  more  branched  thinner  form,  like  thai  in  the  K£mthi  bedn  of 
the  R^gnnj  gnmp. 

Olo99opteri$  leptoneura,  Bnnb. 
OlattopterU,  another  species. 

The  fossils  of  this  locality  agree  therefore  with  those  mentioned  before  from 
the  Denwa  valley,  and  can  be  like  these  considered  as  on  the  horizon  of  the 
Kaniganj  gronp. 

The  next  observations  were  of  the  Damnda  rocks  and  outcropping  coal  seams 

Shioor  coal-field.  ^^  *^®  neighbourhood  of  Shdpur.     A  full  report  on  this 

field  was  published  by  Mr.  Medlicott  in  1875  ;'  my  object 
was  directed  to  the  examination  of  the  outcrops  for  their  fossils. 

In  this  coal-field  also,  like  in  that  of  Mohp&ni,  Mr.  Medlicott  points  to  the 
close  relation  of  the  coal  beds  (Badikar  group)  to  the  underlying  Talchirs 
(L  c,  p.  76),  and  this  conclusion  from  stratigraphical  grounds  is  perhaps  also 
supported,  partly  at  least,  by  the  few  organic  remains.  These  are  again  plants 
only,  and  I  think  they  partly  show  the  existence  of  representatives  of  the 
Earharb^  beds,  indicating  the  close  connection  of  these  coal  bedjs  with  the 
Talchirs. 

I  first  visited  the  outcrops  in  the  Machna  river,  north-east  of  Shipur.  The 
coal  crops  out  at  two  places  ;  in  both  some  fossils  were  found  which  tend  to  indi- 
cate two  horizons.     The  more  north-eastern  outcrop  is  close  to  the  village  Mar- 

-,    , .  .  danpur,  in  the  river  bed  ;  there  are  two  outcrops  runninfir 

Hardanpor  outcrops.  ^     ^  ^.i-ii         i  iii-i? 

parallel,  one  on  the  right  and  the  other  on  the  left  bank 

of  the  river,  but  only  that  on  the  right  bank  appears  of  any  importance,  and  when 

I  was  at  this  place  a  very  primitive  kind  of  mining  (digging)  was  going  on  on 

this  outcrop. 

The  dip  is  30®,  to  north-west-by-north.  This  lower  outcrop  only  was  acces- 
sible for  examination.  The  whole  outcrop  (shales  included)  measures  4  to  5  feet, 
dipping  under  white,  open  and  rather  coarse-grained  sandstones.  The  coal  itself  is 
at  this  place  not  thicker  than  about  2',  being  overlaid  by  coaly  shales  and  under- 
laid by  grey  sandy  shales,  and  in  the  coal  itself  there  is  a  good  deal  of  what  is 
called  fibrous  anthracite. 

The  fossils  at  this  place  were  very  scarce :  I  found  in  the  coal  impressions  of 
P     .,  Vei-tebraria,   and   also   in   the  underlying  shales   some 

impressions  were  observed  which  appeared  to  me  to 
belong  to  the  same  genus. 

From  these  outcrops  to  the  south-west  up  the  river,  we  find  other  outcrops 

--  ^  .     ^  at  the  bend  of  the  river  west-south-west  of  Kotmi.  The 

Kotim  outcrops.  x  xt_        • 

outcrop  here  passes  from  east  to  west  across  the   nver, 

»  Rec.  Geol.  Surv.  of  Indin,  Vol.  VUI. 
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and  is  better  exposed  on  the  left  bank.  The  strata  dip  north -east-by-north,  at 
about  15°.  The  sequence  of  strata  on  the  left  bank  is  the  following  (in  descend- 
ing order)  : — 

a.  Uppermost  sandstones. 

b.  Yellowish-brownish-grey  sandy  shales. 

c.  Grey  earthy-sandy  shales  with  pla7it8. 

d.  A  band  of  very  fine  earthy  carbonaceous  brownish-black  shales  with 

plaiUs.     They  contain  also  much  pyrites. 

e.  The  coal  seam  about  2  to  3  feet  thick. 

/.  Shales  and  sandstones  partly  already  in  the  river. 

On  the  right  bank  there  appears  under  these  sandstones  another  bed  of 
carbonaceous  shales  without  coal.  Fossils  occur  in  the  upper  part  of  both  these 
outcrops. 

On  the  right  bank  I  found  in  the  grey  sandy  shales — 

Olossapteris,  fragmentary,  and 
Noggerathiopsit  {Mialopi  /),  fragments. 

On  the  left  bank  were  found — 

a.  In  the  black  shale  immediately  above  the  seam — 

Olossopieris,  fragments. 
QangamopterU  and  Noggeraihiopns, 

h.  In  the  sandy  grey  shales  above — 

Equitetaceout  stalk. 

Oloasopteris  communis. 

Qangamojpieris  cgehpteroides,  Fstm.,  several  specimens. 

NSggerathiopsis  kislopi. 

Some  small  seeds  (Carpolilhes). 

Here,  therefore,  were  found  more  fossils  than  in  the  Mardanpur  outcrops,  and 
they  perhaps  indicate  the  horizon  of  the  Karharbdri  beds. 

From  here  I  went  to  see  the  outcrops  in  the  Tawa  river  near  Temni  (on  the 

Temni  outcrops.  ™*P'  ^^*  ^^  *^®  people  called  Temru)  ;  no  fossils   were 

found  in  the  shales,  which  appeared  to  me  to  have  a 
resemblance  to  Talchir  shales ;  they  perhaps  represent,  as  Mr.  Medlicott  (Z.  c, 
p.  80)  suggests,  the  outcrops  at  Kotmi. 

In  the  outcrops  north  of  Shapur  in  the  Suki  river  before  it  falls  into  the 

^  ^         .    XI    o  T  Tawa  river,  only  veiy  few  and  frainnentary  fossils  were 

Outcrops  m  the  Suki.  ^j         TxviTJi»i.  ii 

found.       in   the  lower  beds  of    carbonaceous    shales, 

I  found  fragments  of  Equisetaceous  stalks  and  of  Noggerathiopsis,  and  in  the  upper 

one  a  fragment  of  Noggerathiopsis.     The  beds  dip  to  north-east-by-noi-th  at  10°. 

There  is  no  direct  indication  for  a  comparison  of  these  outcrops  with  any  of 
the  others,  the  fossils  being  so  very  scarce,  except  perhaps  from  the  position  with 
the  outcrops  in  the  Bhoura  naddi  (near  Sonada). 
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About  nine  miles  sonth-east  of  SMpnr  there  are  other  outcrops  in  the  T^wa 
Doi^    tcT«  river  near  the  village  of  DoUri.     Going  from  DoUri  to 

the  river  and  passing  down  it  to  the  east^  we  meet  the 
first  (or  lowest)  seam  No.  I ;  it  is  nndeilaid  by  sandstones,  and  the  following 
rocks  are  seen — 

a.  Brittle,  sandj,  greenish  grey  micaceous  shales. 

h.  The  coal  seam  about  2'  thick  at  this  place,  the  coal,   however,  brittle   and 
fall  of  the  fibrous  anthracite. 

c.  Thin-bedded  shaly  sandstones. 

d.  Thin  sandstones  again  up  to  the  next  seam. 
No  fossils  were  found  in  this  outcrop. 

We  pass  then  from  here  eastwards  over  sandstones  which  become  thin-bedded 
and  shaly,  until  carbonaceous  shales  of  Ai — 5'  appear,  vrithout  coal ;  above  these 
shales  some  sandstones,  and  then  again  dark-grey  shales  are  seen,  under  which  lies 
the  seam  No.  II,  which,  however,  was  then  covered  ;  but  I  saw  at  DoUri  some 
old  heaps  of  coal,  which  was  said  to  have  been  dug  from  this  seam.  In  the  out- 
cropping grey  shales  some  fossils  were  found,  although  very  fragmentary — 

SgmuetaeeouM  gtallci. 

OamgamopierU  eifclopieroidei,  Fstm. 

OloswoptsrU, 

Kog^eraihicfsii  hitlopif  Bunb.,  sp. 

These  fossils,  although  very  scarce,  yet  perhaps  permit  of  a  comparison  of  this 
outcrop  with  that  near  Kotmi,  and  consequently  also  with  the  Karharb&ri  beds. 
Here  at  Doliri,  however,  all  the  outcrops  are  so  close  to  each  other  that  they  may 
well  be  considered  as  representing  all  the  same  horizon. 

The  IlIrd  outcrop  (to  the  east)  was  almost  entirely  covered  by  river  sand. 
I  procured  only  with  great  trouble  a  piece  of  coal  which  was  of  very  inferior 
quality ;  but  the  thickness  of  the  seam  could  not  be  ascertained. 

The  highest  and  last  outcrop,  the  lYth,  to  the  east,  is  exposed  to  some  extent. 
On  the  underlying  sandstones  appear  thin-bedded  carbonaceous  micaceous  shales, 
with  fragmentary*  fossils,  then  the  coal  seam  about  2'  thick  (at  this  place)  ;  then 
shales  and  sandstones.  The  only  fossils  I  could  observe  were  fragments  of  a 
Olossopterts, 

As  the  last  to  be  mentioned  are  the  outcrops  about  eight  miles  to  the  north- 
west of  Shdpur  in  the  Bhoura  naddi    (also  Suk-Tdwa), 

CHitcropi  in   the  Bhoura    ^]q^^  ^  ^j^g  villaee  Sondda.     There  are  several  outcrops 
naadi  near  Sonada.  ^  ,  i      i     i 

three  quite  close  to  each  other  in  the  northerly  bend  of 

the  river  at  the  village,  but  they  are  much  concealed,  and  no  fossils  could  be  pro- 
cured. It  would,  however,  not  appear  improbable  that  some  of  these  outcrops  at 
Sonada  represent  those  in  the  Suki  river  north-east  of  Tekripura. 

On  my  return  way  from  ShApur  to  Itdrsi  (Great  Indian  Peninsula  Railway) 
I  made  a  search  round  Kesla  in  the  Denwa  group.  I  think  I  found  the  decomposed 
mottled  shales  from  which  Qlossoj^teris  had  been  procured ;  but  to  my  regret  failed 
to  find  any  fossils. 

L 
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I  may  now  mention,  that  all  these  sedimentary  rocks  of  the  S4tpiira  coal- 
basin  (south  of  the  Narbada)  constitute  an  unbroken  series  of  beds  of  the  Gond- 
w^na  system  from  the  Talchii's  (the  lowest)  to  the  Jabalpur  group  (the  highest), 
all  being  generally  conformable,  or  yeiy  nearly  so.  The  Jabalpur  group,  the 
BdgrarDenwa  group,  and  the  Pachmari  sandstone  form  the  upper  portion  of  the 
Gondw4na  system,  while  the  beds  from  the  shales  immediately  under  the  Pach- 
mari sandstones  down  to  the  Talchirs  constitute  the  Lower  Gondwdnas. 

The  Lower  Gondw&nas  in  the  S&tpura  basin  can  therefore  perhaps  be 
classified  thus — 

a.  The  shaly  beds  immediately  below  the  Each-  Probable  representatives  Panchet  sab-division^ 
man  sandstone  sontb  of  the  Mahadeo  hill  of  the  Panchet  gronp, 
near  Almod  and  Rorighat ;  soft,  earthy  and 
sandy  micaceous  shales,  greenish-yellowish, 
with  indistinct  plant  remains.  They  may, 
as  proposed  by  Mr.  Medlicott,  well  be  dis- 
ting^shed  as  Almod  beds. 

h,  Mr.  Medlioott's  Bijori  horizon.    Sandstones    Represent    the   K^thi-     Damnda  snb-division. 
with  shales,  some  of  them  carbonaoeons  and        Biniganj  g^up. 
fossiUfcrous. 

c,  Mr.  Medlicott's  Mot6r  horizon  ...  ...     Ironstone  shales  ?  ...  Ditto. 

cf.  Barakars :  some  of  the  coal-beds  in  the  Shi-     Barikars      ...  ...  Ditto. 

pur  coal-field. 

0.  Earharb&ri  beds  in  the  Mohp^i  coal-field  and     Karharbiri  beds  ...     Talchir  snb-diyision. 

some  of  the  seams  (near  Kotmi  and  Doliri) 
in  the  Shipur  coal-field. 

/.  Talchir  group  in  the  Mohpini  and  Shipnr    Talchir  group   elsewhere  Ditto, 

coal-field. 

I  may  add  at  end  the  relations  of  the  several  horizons  as  regards  their 
fossils — 

a,  Jabalpur  group :  fossiliferous,  plants  only,  of  middle  Jurassic  type  (but  also 
Qlossopteris  from  the  Sher  river). 

h.  Bdgra  group  (H.  B.  Medlicott)  :  no  fossils  known  at  present. 

c.  Denwa  group  :  a  scute  of  a  Tarasuchian  crocodile  from  near  Jhirpa   (on 

the  Denwa  river)  and  some  plant  fragments  (^Olossopteris)  from  near 
Kesla. 

d.  Pachmari  sandstone  :  no  fossils  known  at  present. 

e.  The  shales  immediately  below  the  Pachmari   sandstone :  indistinct  plant 

impressions  (Almod  beds). 

/.  Bijori  horizon :  shales  with  stalk  remains :  Equisetaceotut  stalks,    Schixo- 
neuray  OlossopteriSj  PecopteriSf  8fc, 

In  the  sandstones  was  found  a  portion  of  the  skeleton  of  a  reptile  said  to  be 
ArchegoBauras. 

g.  Motur  horizon  :  no  fossils  known  up  to  date. 
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A.  Bardkars  :  some  plant  remains  in  the  Sh&pur  area  {Olossopteris  and  Nog 
gerathiopsis) . 

t.  Earharbdri  beds :  in  tbeMohpani  coal-€eld  and  in  the  Shdpur  area  :  Equi- 
sektceous  stalks,  Oangamopteris,  Olossopteris,  Nog  gerathiopsis » 

h,  Talchir  beds :  no  fossils  found  in  this  district. 


STA.TiflTiC8  OP  COAL  IMPORTATIONS  INTO  India,  hy  Theo.  W.  H.  Hughbs,  Geological 

Survey  of  India. 

In  the  leisure  of  mj  leave  on  furlough  I  have  attempted  to  gather  some  parti- 
culars on  the  Indian  imports  of  coal  and  coke,  which  will,  I  think,  be  of  interest 
and  perhaps  of  some  little  yalue  to  those  readers  of  our  Records  who  are 
concerned  about  the  mineral  statistics  of  India.  I  had  mjself  so  often  experi- 
enced the  want  of  some  readily  accessible  reference,  which  should  contain  in  a 
connected  form  information  on  this  subject,  that  I  was  emboldened  to  undertake 
the  task  of  arranging  such  data  as  I  could  bring  together,  bj  the  knowledge  that 
I  should  be  relieving  others  of  that  want.  For  a  large  portion  of  the  details 
here  given,  more  especially  those  relating  to  the  earlier  years,  I  am  indebted  to 
various  abstracts  and  reports  published  by  the  Board  of  Trade  and  placed  at  my 
disposal  by  Mr.  Robert  Hunt  of  the  Mining  Record  Office;  for  the  rest,  I  have  to 
acknowledge  my  obligation  to  Mr.  Charles  Prinsep  of  the  Statistical  Department, 
India  Office.^ 

The  annual  consumption  of  fuel  for  sea-going  and  river  steamers,  for  rail- 
ways, for  factories,  and  for  other  purposes  has  within  the  last  year  or  two  grown 
to  something  between  900,000  and  a  million  tons,  and  of  this  amount  it  may  be 
roughly  said  that  one-half  is  foreign  coal.  However  much  this  circumstance  is 
to  be  regretted  by  those  who  are  interested  in  the  development  of  our  own  fields 
of  supply,  there  appears  to  me  to  be  small  chance  of  a  diminution  in  the  ordinary 
rate  of  importation  until  native  coal  is  lightened  to  some  extent  of  the  heavy 
burden  of  charges  imposed  by  land  carriage  and  by  freights,  so  that  it  may 
compete  on  more  favorable  terms  than  at  present  with  its  rivals  at  the  western 
ports  of  the  Bombay  Presidency,  and  those  of  Madras  and  Burmah.  Our  three 
principal  coal  mining  districts,  R&niganj,  Karharbdri,  and  the  Wardha  valley, 
are  so  situated  that  tho  item  of  railway  transport  alone — even  in  the  case  of  the 
two  more  favourably  situated  fields,  the  Rdniganj  and  the  Karharbdri — trebles 
and  quadruples  the  actual  costs  of  the  coal  by  the  time  it  reaches  a  port  for  ship- 
ment ;  and  it  utterly  prohibits  the  sale  of  the  produce  of  the  Warora  colliery 
(Wardha  valley)  within  a  distance  of  200  miles  of  Bombay. 

Beginning  with  the  year  1853,  the  shipments  of  coal  and  coke  to  India  were 
43,562  tons.  Since  then,  after  the  lapse  of  a  quarter  of  a  century,  they  have  risen 
to  609,735  tons.     The  ratio  of  increase  has  not  been  by  any  means  steady  :   wars, 

0 

'  Without  Mr.  Prinsep't  SMiBtanee  I  should  have  found  mj  undertaking  a  more  tedious  affair 
than  I  at  first  imagined  it.  The  lahor  involved  in  dealing  with  figures  is  very  inadequately 
represented  by  the  printed  space  they  occupy. 
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mmours  of  wars,  famines,  and  improved  home  freights  have  always  exercised  an 
irregular  influence  ;  as  during  the  past  two  years,  the  importation  haying  jumped 
from  399,887  tons  in  1876  to  539,633  tons  in  1877,  and  to  609,735  tons  in  1878. 
Had  not  disturbing  causes,  such  as  the  Madras  famine  and  the  anticipations  of 
war,  been  at  work  in  1877,  it  is  probable  that  the  imports  of  coal  for  that  year 
would  not  have  amounted  to  more  than  420,000  tons ;  and  under  peaceful  con- 
ditions, the  figures  for  1878  would  have  been  considerably  less  than  they  actually 
wera  Our  main  supply  of  foreign  coal  has  hitherto  been  derived  from  the 
United  Kingdom,  the  contributions  furnished  by  other  countries,  with  the  excep- 
tion of  Australia  and  France  during  spasmodic  periods,  being  insignificant.  The 
tonnage  of  imports  for  all  India,  from  all  countries,  commencing  with  the  year 
1853,  is  as  follows : — 


Table  I. — Imports  of  coal  and  coke  to  India  from  1853  to  1878. 
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1853   GofJ  and  Coke 
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1856 
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1869 
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1871 
1872 
1878 
1874 
1875 
1876 
1877 
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Colli 

Coke 
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Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 

Coal 

Coke 
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»» 

i» 
t» 
tt 
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868.618  ) 

16,713 
332,718 

16,208 
815,935  \ 

21,088) 
269,396  I 

16,784  r 
361,960  \ 

12,224  f 
310,265  \ 

14,378) 

354,231  \ 

6,672  j 

360  251  \ 

6.288  j 
389,4801 

10,407  J 
523,384  ) 

16.149) 
603,904^ 

6,831 ) 


48,562 
58,410 
41,987 
76,712 
82,078 
92,983 
99,701 
74^263  a. 


174,862  h. 

122,722 

189,611 

216,985 

228,319 

257,652  e. 
385^31 

848,926 

337,023 

286^180 

374,184 

324,643 

359,903 

366,539 

399,887 

539.533 

609,735 


(a)  The  returns  arc  quali6ed  by  the  statement  "  as  far  as  can  be  stated. 

(b)  For  this  year  the  returns  arc  not  complete  for  Bengal. 

(c)  For  eleven  months  only. 


JART  1.] 
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In  the  following  table  the  qnota  of  coals  annually  supplied  bj  each  conntTy  is 
given  for  the  years  1870  to  1874  inclusive,  but  for  the  succeeding  periods  to  1877, 
I  have  only  noted  the  larger  contributions.  It  will  be  understood  that  under  the 
head  of  Holland,  Mauritius,  Bed  Sea,  Aden,  Ceylon,  and  the  Straits,  it  is  ''  transit 
ooal "  and  not  "  indigenous  coal "  that  has  been  exported  for  India  :— 

Table  II. — Imports  of  coal  to  India  from  various  cotmtries  from  1870  to  1877. 


1870. 

1871. 

1872. 

1878. 

1871 

1876. 

1870. 

1877. 

United  Kingdom... 

301,864 

257,914 

348,725 

287,818 

380,635 

889,821 

859,680 

494,318 

Anstralia 

12,e07 

8,942 

5,917 

1,511 

14,677 

4,652 

6,180 

798 

Frmnoe 

415 

1,241 

454 

17,902 

5,676 

•  •  t 

156 

1,111 

Germany 

10 

250 

5.007 

1,618 

1.710 

660 

••• 

500 

Meditenranean  ports 

•  •  • 

•  •• 

•  •  • 

•  •• 

275 

... 

■•• 

Holland 

•  •• 

•  •  • 

102 

■  •• 

•  •  ■ 

... 

.  •  • 

RnMia 

•  •  • 

500 

> .  • 

• «  • 

•  •  • 

••• 

... 

America                 ... 

460 

•  •  ■ 

•  .• 

441 

799 

687 

180 

2,146 

Manritiua 

... 

103 

... 

.  •  • 

... 

... 

... 

Bed  Sea 

... 

• .  • 

t  •  f 

... 

50 

••* 

1  •• 

Aden 

••• 

120 

187 

186 

98 

.•* 

•.« 

Cejlon 

420 

868 

1,386 

218 

207 

••• 

... 

Straits 

... 

.  •  • 

••• 

187 

74 

... 

... 

Java  ... 

•*• 

... 

•  •  • 

400 

802 

400 

Other  conntries   ... 

159 

188 

-      182 

44 

30 

... 

»•• 

ToUl 

815,985 

269,396 

361,960 

310,265 

854^231 

.•• 

f  •  • 

During  the  last  year,  the  shipments  of  Australian  coal  have  fallen  off  seriously ; 
and  I  think  we  hare  now  seen  almost  the  last  attempt  to  force  it  into  the  Indian 
market.  For  the  sake  of  reference,  I  give  the  imports  for  the  20  years  ended 
1877  :— 

Table  III. — Imports  oj  Australian  coal  to  India  from  1857  to  1877. 

Tons.  Tons. 

1857  to  Bengal    ...     2,271  to  Bombay    ...   2,176 

1858  ...  14,061  ...    8,998 

1859  ...     4^278  ...    2,293 
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Tabls  III.— Jmpofftf  cf  AuBtralian  coal  to  India  from  1857  to  1877.—- contd. 


Tom. 


Tons. 


1860  to  Bengal    ...  10,008  to  Bombaj   ...    8^112 


1861  (a). 

...      ... 

...  12.046 

1862 

...    7,191 

...    6,649 

1863 

...      •*• 

1864 

...  13,292 

1865 

...     6,207 

1866 

...     6*376 

1867 

...     7,466 

1868 

...     6,792 

1869 

...     9,257 

1870 

...  12,607 

1871 

...     8,942 

1872 

...     6,916 

1878 

...     1.611 

• 

1874 

...  14,677 

1875 

...     4^662 

1876 

...    6,130 

1877 

...       798 

(a).  Retorns    for  Bengal  not  given  for  1861. 

To  illiutrate  the  distribution  of  tlie  imports  to  the  fiye  great  Provinces  of 
India^  I  have  selected  the  years  from  1870.  Bombay  is  by  far  the  lai^gest 
receiver ;  the  cotton-mills  of  the  cily  of  Bombay  and  the  railways  having  their 
terminuses  there  being  heavy  consumers  of  foreign  coal.  In  Bengal  the  railways 
and  nearly  all  the  steam-mills  bum  exclusively  the  produce  of  the  better  seams 
of  the  B&niganj  field  and  those  of  the  Karharb&ri  field  :— 

Tablb  IV. — Imports  of  coal  to  different  Provinces  of  ndiafrom  1870  to   1877. 


1870. 

1871. 

187S. 

1878. 

1874. 

1876 

1878. 

1877. 

Tons. 

Tons 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Bombay 

289»661 

167.267 

220,884 

208.269 

216,643 

249,886 

260.080 

368,937 

Bengal 

42,443 

63,929 

89,775 

48,688 

82,120 

63,821 

61,091 

76,278 

Barmah 

20,198 

26,781 

39,981 

36,716 

27,071 

33,301 

38,397 

47.770 

Madras 

11,648 

9,053 

9,390 

16,613 

25,043 

12,156 

20,275 

22,544 

8ind 

1,996 

2,426 

1,930 

1,079 

3.464 

1,138 

9,637 

7.856 

Total 

816,936 

269,396 

361,960 

810,264 

364,231 

360,261 

389,480 

623,884 

FAST  1.] 
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Though  Aden  and  Ceylon  do  not  come  within  the  official  limits  of  India,  I. 
append  the  few  following  statistica  for  comparison  :«— 

Table  V. — Imports  of  coal  to  Aden  and  Ceylon  from  1866  to  1876. 


1806. 

1887. 

1888. 

1808. 

1870 

1871. 

1878. 

1873. 

1874. 

1876. 

1870. 

Apxk— 

• 

Coal 

70861 

116,572 

106,266 

62,610 

67.646 

87,894  85,15b 

75.569 

? 

74.797 

99,423 

Patent  fad 

17.713 

5,630 

10,462 

15,027 

18,318 

13,434  11,968 

18.106 

? 

8,486 

6,951 

CxnoH^ 

Coal 

63,174 

86,206 

67,589 

? 

? 

107.625  62,555 

76,132 

P 

74,083 

81,789 

Flitentlael 

8,679 

2,702 

9.647 

4^412  14,446 

11,436    6,076 

4,769 

1 

? 

... 

•*. 

Patent   fnel  figures  to  some   extent  amongst  the  imports  to  Madras  and 
Bombaj,  but  the  amounts  of  late  years  have  been  quite  insignificant. 


London, 


Decemhef  1878. 


DONATIONS  TO  THE  MUSEUM. 

Two  crystals  of  black  tourmaline  from  North  Hazaribagh,   by  Mbssbs.Fornaro 

Bros. 
A  collection  of  fossils   (about  1,006  specimens)  from  Carboniferous,  Triassic, 

Jurassic,  and  Tertiary  strata  in  the   Punjab  and  Kashmir,   by 

the  late  Dr.  A.  M.  Ybrch^rb. 


ADDITIONS  TO  THE  LIBRARY. 

From  Ist  Octofbr  to  SIst  Dkcshbxr  1878. 


Donors, 


Tiilse  of  Books. 

Ahstbd,  D.  T.— Water  and  water^upply  (1878),  8vo,  London. 
EncydopiBdia  Britannica,  Vol.  VIII,  9th  Edition  (1878),  4to,  Edinburgh. 
OiLLMORR,  Q.  A. — Report  on  the  compressive  strength,  specific  gravity,  and  ratio 

of  absorption  of  the  building-stones  in  the  United  States 
(1876),  8vo,  New  York. 
Guide  du  Qdologique  k  1  'Exposition  Universelle  de  1878  et  dans  les  collections 

publiques  et  priv^  de  Paris  (1878),  8vo,  Paris. 

H.  B.  Medligott,  Esq. 


88  Records  of  the  Oeological  Survey  of  India.  [vol.  xu« 

Titles  of  Books,  Donors. 

Henrt  Jambs.— ^neidea :  critical,  exegetical,  &  aBsthetical  remarks  on  the  ^neis. 

Vols.  I  ik  II  (1878),  8vo,  Dublin. 

The  Author. 

MARKHAif,  C.  B. — A  Memoir  on  the  Indian   Survejs,  2nd  edition  (1878),  8vo, 

London. 

Dept.  Bey.,  Agric.  &  Commercb. 

Trail,    G.   W.— An  elementary  treatise   on   Quartz  and    Opal    (1867),    8vo, 

Edinburgh. 

B.  Ltdekebr,  Esq. 

PEBIODICALS,  SEBIALS,  Ac. 

American  Journal  of  Science  and   Arts,   3rd    Series,   Vol.  XVI,  Nos.   92 — 94 

(1878),  8vo,  New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Ghemie,  New  Series,  Vol.  V,  heft.  1  to  3  (1878),  8vo, 

Leipzig. 
Annales  des  Mines,  Series  7,  Vol.  XIV,  Li  v.  4  (1876),  8vo,  Paris. 

L'admins.  des  Mines. 

Annals  and  Magazine  of  Natural  History,   5th   Series,   Vol.  II,  Nos.  9  to  11 

(1878),  8vo,  London. 
AthenflBum,  Nos.  2665—2667,  (1878),  4to,  London. 
Bibliotheque  Universelle  et  Bevue   Suisse,   New  Series,  Vol.  LVIII,  No.  229, 

LXIII,  Nos.  248-249,  and  LXIV,  No.  250  (1878)   8vo, 

Lausanne. 
„  „  Archives   des   Sciences  Physiques  et  Naturelles,  New 

Series,   Vol.   LXIII,   Nos.  248  and  249    (1878),    8vo, 

Geneva. 

Chemical  News,  Vol.  XXXVIII,  Nos.  981-993  (1878),  4to,  London. 
CoUierjr  Guardian,  Vol.  XXXVI,  Nos.  924  936  (1878),  fol.,  London. 
Geographical  Magazine,  Vol.  V,  Nos.  9-11  (1878),  Boy.  8vo,  London. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  V,   Nos.  9-11  (1878),  8vo, 

London. 
Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVIII,  No.  3  (1878),  8vo,  Paris. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 

5th  Series,  Vol  VI,  Nos.  36  and  38  (1878),  8vo,  London. 
Mining  Journal,  with  Supplement,  Vol.  XL VIII,  Nos.  2246  to  2258  (1878), 

fol.,  London. 
Nature,  Vol.  XVIII,  Nos.  463-475  (1878),  4to,  London. 
Neues  Jahijiuch  fdr  Mineralogie,  Geologic,   und  Palfentologie,   Jahrgang  1878, 

heft  8.9  (1878),  8vo,  Stuttgart. 
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Titles  of  Books.  Donors. 

PalBBontographica,   Band  XXIV,   lief.   3-5,   and   XXV,  lief   1-6  (1877-78),  4to, 

Cassel. 
Supplement  III,  lief  2-7,   and   III,   heft  2  (1876-78),   4to, 

Cassel. 
Paleontologie   Fran9aise,   2nd   Series,  Liv.   26,   V^^taox,   Terrain  Jnrassique, 

(1878),  8vo,  Paris. 
PsTSRHANN,    Dr.   A. — Qeographiscbe  Mittheilnngen,  Band  XXIV,   Nos.   9-11 

(1878),  4to,  GotHa. 
„  „  Geographisclie  Mittheilnngen,  Supplement^  No.  XXXIII. 

(1872),  4to,  Gotha. 
Qnarterlj  journal  of  Science,  No.  LX  (1878),  8vo,  London. 
Zoological  Record,  Vols.  VIII  (1871)  to  XIII  (1876),  8vo,  London. 


GOVERNMENT  SELECTIONS,  Ac. 

Cehtbai.   Provinces  :   Morris,   J.  H. — Report  on  the  Administration  of    the 

Central  Provinces  for  1877-78  (1878),  8vo,  Nagpur. 

Chief  Commissioner,  Central  Provinces. 

India. — Catalogue  of  manuscripts  and  printed  reports,   field  books,   memoirs, 

maps,  &c.y  of  the  Indian  Surveys  in  the  map  room  of  the 
India  Office  (1878),  8vo,  London, 

Department  of  Rev.,  Agric.  &  Commerce. 

„      Clarke,  Libut.-Col.  W.  S. — Report  on  the  Administration  of  the  Khasia 

and  Jaintia  Hills  for  1877-78  (1878),  8vo,  Calcutta. 

Foreign  Department. 

y,  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Govern- 
ment of  India  in  the  Home,  Legislative  and  Foreign 
Departments  on  1st  July  1878  (1878),  8vo,  Calcutta. 

Home  Department. 
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19 


>» 


Report  on  the  administration  of  the  district  of  the  Naga  Hills  for  1877-78 

(1878),  8vo,  Calcutta. 

Foreign  Department. 

Report  on  the  Political  Administration  of  the  Rajputana   States  for 

1877-78  (1878),  8vo,  Calcutta. 

Foreign  Department. 

Selections  from  the  Records  of  the  Government  of  India,  Foreign  Depart- 
ment, No.  149.  Report  on  the  Administration  of  the 
Ajmere  and  Mhairwarra  districts  for  1877-78  (1878), 
8vo,  Calcutta.  , 

Foreign  DI^artment 

M 


90  Record*  of  the  Oeologieal  Survey  of  India,  [vol.  xii. 

Tillee  of  Boots.  Donors. 

Lower  Provinces.— Report  on  the  Revenue  Survey  Operations  of  the  Lowfir 

Provinces  (1878),  flsc,  Calcutta. 

Government  of  Bengal. 


TRANSACTIONS,  PROCEEDINGS,  Ac.,  OP  SOCIETIES. 

Berlin. — Monatsbericht  der  konig.  Preuss.  Akademie  der  Wissenschaften  zu 

Berlin,  July  to  August  1878  (1878),  8vo,  Berlin. 

The  Imperial  Academy. 

„         Zeitschrift  der  Deutschen  Geologischen    Gesellschaft,   Band  XXX, 

heft  3  (1878),  8vo,  Berlin. 

The  Society. 

Boston. — Proceedings    of  the    American    Academy    of    Arts    and    Sciences, 

Vol.  XXII,  pts.  2-3  (1878),  8vo,  Boston. 

The  Academy. 

Brussels. — Bulletin  de  la  Soci^t^  Beige  de   G^graphie,  No.  4   (1878),   8vo 

Brussels. 

The  Society. 

Bud  A  Pest. — Mittheilungen  aus  dem  Jahrbuch  der  kon.     Ungar.  Geologischen 

Anstalt,    Band    IV,    heft  3,  V,   heft  1-2,    VI,    heft  1 
(1876-77),  8vo,  Buda  Pest. 

The  Institute. 

Calcutta.— -Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLVII, 

Part    1,    Nos.  2^,   and  Part  II,   No.  3   (1878),    8vo, 
Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,   No.  IX  (1878),  8vo, 

Calcutta. 

The  Society. 

CoPBNHAOEN.—- M&noires  de  T Acad^mie  Royale  de  Copenhagen,  5th  Series,  Vol.  XI, 

No.  5  (1878),  4to,  Copenhagen. 

The  Academy. 

„  Oversigt  over  det  kong,  danske  Videnskabemes   Selskabs,  No.  1 

(1878),  8yo.,  Copenhagen. 

The  Academy. 

Dublin. — Transactions  of  the  Royal  Irish  Academy,  Vol.  XXVI  (Science)  Arts, 

Vols.  VI-XVI,  Lit.  and  Antiquities,  Vol.  XXVII,  pt.  1 
(1876-1878),  4to,  DubUn. 

The  Academy. 
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Title$  of  Books.  Donors, 

DuBLiir. — Proceedings  of  the  Royal  Irish  Academy,  Series  II,  Vol.  I,  No.  12 ; 

Vol.  II,  No.  7 ;  and  Vol.  Ill,  No.  1  (1877),  8vo,  Dublin. 

Thb  Academy. 

Glasgow. — Proceedings  of  the  Philosophical  Society  of  Glasgow,  Vol.  XI,  No.  1 

(1878),  8vo,  Glasgow. 

The  Society. 

„         Transactions  of  the  G^logical  Society  of  Glasgow,  Vol.  V,  pt.  2 

(1877),  8vo,  Glasgow. 

The  Society. 

Lausaitoe. — Bnlletin  de  la  Soci^t6  Vandoise  des  Sciences  NatnreUes,  2nd  Series, 

Vol.  XV,  No.  80  (1878),  8vo,  Lansanne. 

The  Society. 

LoNDOir.-  Proceedings  of  the  Boyal   Geographical   Society,  Vol.  XXII,  No.  6 

(1878),  8vo,  London. 

The  Society. 

„  Proceedings  of  the  Royal  Society  of  London,  Vol.  XXVII,   No.   189 

(1878),  8vo,  London. 

The  Society. 

„  Ray   Society  :   Brady,   G.    S. — A  Monograph  of  the  free  and  semi- 

parasitic  Copepoda  of  the  British  Islands,  Vol.  I  (1878), 
8vo,  London. 

„  Transactions  of  the  Linnean   Society,  Vol.  XXVI,  pt.  2  (1868),  and 

Series  II,  Vol  I,  pt.  7,  Zoology  (1878),  4to,  London. 

The  Society. 

„         Jonmal  of  the  Linnean  Society,  Vol.  XIV,   No.   75,  Zoology,   XVII, 

No.  98,  Botany  (1878),  8to,  London. 

The  Society. 

„         Proceedings  of  the  Zoological  Society  of  London,  pt.  Ill  (1878),  Syo. 

London. 

The  Society. 

„         Jonmal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 

Vol.  VIII,  No.  1  (1878),  8vo,  London. 

Madrid. — Boletin  de  la  Sociedad  Geographica  de  Madrid,  Vol.  IV,  No.  5,  and 

V,  No.  1  (1878),  8vo,  Madrid. 

The  Society. 

Melbourne.— 'Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending 

30th  June  1878  (1878),  flsc.  Melbourne. 

Government  Mining  Department 
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Titles  of  Boohs,  Donors, 

Mblbourne.*— Transaotions  and  Proceedings  of  tlie  Royal  Society  of  Victoria, 
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Noes  ON  THB  MoHPiKi  Coal-UXLd,  by  H.  B.  Medlicott,  M,A.,  Qeological  Survey 

of  India, 

No  ground  in  India  lias  been  so  frequently  noticed  in  these  pages  as  tEe 
Mohpini  coal-field,^  sitnated  on  the  south  side  of  the  Narbada  valley,  95  miles 
hj  rail  below  (west-south-west  of)  Jabalpur,  and  at  the  northern  edge  the  S4tpura 
basia  of  the  Gk)ndw&na  rocks.  It  owes  this  distinction  to  three  circumstances : 
first,  to  its  position,  close  to  one  of  the  great  trunk  lines  of  railway,  and  as  the 
nearest  open  source  of  coal  to  north-western  India ;  its  distance  from  Allahabad 
18  322  miles,  or  83  miles  nearer  than  the  Karharbdri  field,  from  which  all  the 
coal  for  the  line  up  to  Delhi  and  Lahore  is  at  present  drawn  ^  and  its  distance 
from  Elondwa,  the  junction  of  the  Indore  and  Neemuch  line,  is  196  miles,  or 
122  miles  nearer  than  the  Warora  colliery  to  the  same  point. 

The  second  circumstance  which  gives  importance  to  Mohp4ni  is,  that  it  is 
the  only  easily  accessible  coal-field  in  this  region.  It  has  been  known  from  the 
first  that  the  only  outcrop  of  the  coal-measures  along  the  northern  edge  of  the 
Satpura  basin  is  at  Mohp&ni ;  and  the  failure  of  the  boring  experiments  made 
during  the  past  four  years,  under  orders  of  Government,  and  of  which  an 
account  has  been  published  in  the  papers  referred  to  above,  has  fairly  established 
ibat  the  coal  is  not  within  easy  reach  at  any  other  point  along  that  line — a 
conclusion  which  indirectly  gives  an  indefinitely  increased  value  to  the  Mohp4ni 
field. 

The  third  circumstance  which  has  brought  Mohpini  so  frequently  under 
official  notice  is,  the  possibly  precarious  nature  of  the  supply  in  that  field.  The 
long  protracted  doubt  on  this  point  has  been  entirely  owing  to  the  timorous  and 

1  If  em.  G.  8. 1.,  YoL  n,  Pt  2, 1859;   Vol.  X,  Ft  1,  1878.    Bee.  O.  8. 1.,  Vol.  III.  Ft.  3^ 
1870;  YoL  TV,  Vt  8, 18?!  5  Vol.  V,  Pt  4^  1872;  Vol.  VIII,  Pt  8, 1876. 

s  The  openiog  of  the  Palamow  fleldf,  bj^  the  mo9t  direct  line,  would  remove  this  advantage. 
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inefficient  management  of  the  mining  operationsi  especially  for  works  of  explora- 
tion, by  the  Narbada  Coal  Company,  within  whose  property  the  known  field  lies. 
The  mines  were  started  at  or  close  to  the  outcrop  in  the  Sitariva  river  and  within 
a  short  distance,  in  both  directions,  the  coal  was  fonnd  to  be  cut  oat  against 
two  intersecting  planes  of  faulting,  the  calcolable  amount  of  coal  being,  of 
course,  limited  to  what  lay  in  the  small  triangular  area  between  these  planes 
and  the  outcrop.  There  never  was  any  reasonable  doubt  that  the  coal  did 
occur  outside  these  faults  in  one  or  other  direction,  or  in  both ;  and  confidence 
in  the  resources  of  the  field  was  sufficient  to  guarantee  the  construction  of  a 
full-gauge  branch  railway,  13  miles  long,  from  Gidarwdra  to  the  pits ;  still, 
as  time  wore  on,  the  urgency  of  proving  the  extent  of  the  field  became  more 
and  more  pressing,  so  as  at  least  to  be  prepared  to  break  fresh  ground  before 
the  original  small  block  of  coal-measures  became  exhausted. 

There  were  two  directions  for  these  explorations :  one  to  the  south-east, 
to  the  dip  of  the  measures,  towards  the  main  area  of  the  basin ;  the  other  to 
the  north-east,  on  the  local  strike  of  the  measures.  The  objections  to  the  latter 
ground  were,  that  the  disturbance  of  the  rocks,  already  a  sufficient  difficulty  in 
the  existing  workings,  was  known  to  be  indefinitely  greater  to  the  north ;  and,  that 
being  aJso  the  direction  of  the  edge  of  the  basin,  there  was  an  extra  presumable 
risk  of  original  banking  out  of  the  seams.  The  fear  in  the  other  direction  was 
that  the  measures  might  be  let  down  to  an  inaccessible  depth ;  but  of  this  opinion 
there  was  no  confirmation  in  the  outcrops,  which  are  fairly  exposed  in  the  bed 
of  the  river.  These  considerations  were  repeatedly,  but  ineffectually,  urged 
upon  the  mining  administration.  The  ground  to  the  north-east  was  super- 
ficially the  easier  to  explore,  and  efforts  were  chiefly  spent  upon  it,  but  without 
the  smallest  success.  Borings  were  also  attempted  to  the  south,  and  even  a 
new  shaft  begun  in  that  direction ;  but  in  no  case  was  the  trial  carried  far 
enough  to  touch  the  coal,  even  at  the  depth  calculated  from  the  dips,  without  any 
allowance  for  possible  small  downthrow. 

When  I  visited  the  field  in  December  1876,  in  company  with  Mr.  Hughes, 
the  uncertainty  was  still  pending,  no  advance  having  been  made  with  the  ex- 
ploration,  and  the  original  block  of  measures  was  being  rapidly  worked  out. 
The  trials  in  other  parts  of  the  Satpura  basin  were  then  in  progress,  but  hopes  of 
success  were  waning,  and  altogether  the  prospects  of  mining  enterprise  in  this 
part  of  India  seemed  at  its  lowest  ebb.  When  in  October  1878  the  last  experi- 
mental trial  outside  the  Mohpdni  field  had  failed  to  prove  coal,  the  necessity  for 
a  proper  exploration  of  the  ground  within  that  field  became  imperative.  To  urge 
this  pointy  and  to  see  what  had  been  done  since  the  close  of  1876,  I  visited 
the  collieries  in  March  of  this  year. 

It  was  said  above  that  there  never  had  been  any  valid  doubt  upon  the 
extension  of  the  seams  to  the  south-east  ^  that  there  was  no  evidence  for  the 
8upi)osition.  of  a  great  fault,  throwing  the  measures  down  out  of  reach  on 
that  side ;  still,  until  the  ground  was  proved,  anxiety  could  not  be  altogether 
allayed.  In  1870  (see  Recs.'  Geol.  Surv.  India^  Vol.  Ill,  p.  69),  I  pointed  out 
that  'Hhe  best  means  of  immediately  testing  the  southern  extension  of  the 
measures  is  from  shaft  No.  2,"  which  had  been  long  since  abandoned  on  account 
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of  the  isfliix  of  water  when  the  coal  was  reached.  In  December  1876  an 
attempt  was  being  made  to  fix  pumping  gear  in  this  shaft ;  and  the  new  manager, 
Mr.  J.  A.  Manghan,  h.  e.,  who  took  charge  of  the  mines  at  the  beginning  of 
1877,  seems  to  have  pushed  on  this  work  with  vigour,  for  on  the  occasion  of 
mj  recent  visit,  in  March  last,  I  found  that  all  the  coal  that  was  then  being 
raised  was  by  this  shaft,  from  workings  to  the  south,  extending  to  about  350 
feet  from  the  shaft,  beneath  the  covering  Mahadeva  rocks,  and  quite  beyond 
the  presumable  position  of  any  great  east- west  fault.  In  these  new  workings 
the  main  (30^)  seam  is  in  full  force,  and  also  the  lower  seam. 

Thus  whatever  apprehension  may  have  existed  regarding  the  supply  of  coal 
in  this  field  may  be  laid  aside.  The  condition  of  the  seams  in  the  new  ground 
opened  by  Mr.  Maughan  gives  every  reasonable  expectation  of  an  abundant 
supply,  within  a  moderate  depth  from  the  surface. 

Still  the  difficulties  of  the  enterprise  are  not  at  an  end.  The  evil  effects 
of  protracted  neglect  of  system  and  forethought  are  not  to  be  overcome  in 
a  moment ;  and  the  output  of  the  colliery  cannot  be  counted  upon  with  any 
certainty  until  those  defects  are  removed,  and  a  proper  system  of  mining  estab- 
lished. As  has  been  already  stated,  all  the  old  openings,  shaft  No.  2  amongst 
them,  are  at  or  near  the  outcrop  of  the  seams,  so  that  the  coal  lies  chiefly  at 
a  lower  level  than  in  the  shaft ;  and  the  dip  of  the  seam  being  still  considerable 
and  variable,  the  difficulties  of  raising  the  coal  and  of  draining  the  mine  in- 
crease rapidly  as  the  work  advances.  Until  a  new  shaft  is  in  working  order 
well  to  the  deep  of  all  the  present  openings,  a  large  and  regular  output  of  coal 
cannot  be  depended  upon. 

Notice  may  here  be  given  of  the  concluding  operations  in  search  for  coal 
outside  the  Mohp&ni  field,  in  continuation  of  that  given  in  the  Annual  Report  for 
1877  (Rec.  Geol.  Surv.  Ind.,  vol.  XI,  p.  7).  The  Anjan  boring,  mentioned 
as  then  in  progress,  was  carried  to  a  depth  of  350  feet  (11th  May  1878)  without 
piercing  the  covering  red  rocks  of  the  Mahideva  series.  This  was  the  last 
trial  to  find  the  coal-measures  in  proxinuty  to  the  detached  inliers  of  the 
Talchirs. 

There  remained  but  one  position  favorable  for  a  trial,  and  where,  I  must 
confess,  I  looked  with  very  great  hopes  for  success.  It  is  close  to  the  south- 
east of  the  village  of  Baner,  or  Bendr,  at  the  very  edge  of  the  Narbada  Com- 
pany's land,  in  ground  formerly  held  by  the  Sitariva  Coal  Company,  when  a 
shaft  had  been  begun,  by  my  advice,  at  this  spot.^  It  is  less  than  half  a 
ifiile  from  the  seams  in  the  Sitariva ;  an  outcrop  of  coal-measure  sandstone  (or 
a  rock  undistinguishable  from  it)  occurs  north  of  the  village,  and  the  shaft 
begins  in  the  red  covering  rock,  so  that  unless  the  coal  dies  out  within  that 
short  distance,  or  some  undetected  unconformity  occurs  between  the  formations, 
there  seemed  a  certainly  of  striking  the  coal  here,  and  I  recommended  to  Gov- 
ernment that  a  boring  should  be  put  down  in  continuation  of  the  old  shaft. 

This  boring  commenced  on  the  24th  February  1878,  the  water  and  mud 
having  been  cleared  from  the  shaft,   which  was  found  to  be    118  feet  deep, 

>  See  Ree.  Geol.  Snrv.  Ind.,  Vol.  IV,  p.  6& 
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and  the  bottom  13  feet,  which  was  not  walled,  consisted  of  pnrple  clay,  brittle 
and  falling  off  in  flakes.  At  179  feet  the  red  rocks  were  passed  through. 
The  dip  and  the  distances  from  the  bonndary  not  being  accnrately  known,  on 
account  of  the  covered  nature  of  the  ground,  no  exact  calculation  could  be 
made ;  and  in  such  massively-bedded  rocks  any  such  calculation  could  only  be 
approximate ;  but  at  a  probable  estimate  of  a  dip  of  20^  and  a  horizontal  distance 
of  500  feet,  this  proved  depth  and  thickness  of  the  Mah&deva  rocks  is  about 
what  should  occur  under  the  assumed  condition  of  conformity ;  and  at  least  it 
proves  that  between  this  spot  and  the  boundary  there  can  be  no  great  poet- 
Mah&deva  fault,  with  southerly  downthrow. 

At  179  feet  the  boring  entered  on  sandstone,  grey  and  white,  felspathic, 
most  like  the  coal-measure  rock ;  and  our  hopes  were  very  strong  that  coal 
would  soon  be  struck,  as,  in  the  supposed  normal  section,  it  all  lies  within  tiie 
top  150  feet  of  the  measures.  Carbonaceous  shale  and  even  fragments  of  coal 
appeared  in  some  of  the  samples,  but  only  to  delude  our  hopes,  for  the  boring 
was  continued  to  a  depth  of  426  feet^  or  247  through  the  lower  formation^ 
without  any  better  result,  so  I  recommended  the  work  to  be  stopped. 

In  attempting  to  account  for  this  section,  several  conjectures  are  apparent. 
It  may  be  that  the  carbonaceous  measures  passed  through  are  not  Ihe  true 
coal-measures,  but  only  the  carbonaceous  measures  of  the  middle  MahAdeva 
horizon,  such  as  were  found  at  Tundni,  eight  miles  to  the  west ;  but  the  total 
absence  of  such  beds  in  the  clear  section  in  the  Sitariva^  within  half  a  mile  of  the 
boring,  makes  this  supposition  the  least  probable.  There  is  then  the  possibility 
that  within  this  short  distance  the  coal  seams  may  have  died  out ;  this  is  the  most 
unfavourable  view  of  the  case,  and  one  that  seemed  unHkely,  considering  the 
great  regularity  of  the  bottom  seam  in  the  lower  mine,  north  of  the  river ;  but 
it  is  a  chance  that  must  not  be  lost  sight  of  in  our  Indian  coal-fields,  especially 
in  these  lower  measures;  indeed,  in  this  same  bottom  seam,  I  have  observed 
something  very  like  an  original  extinction,  in  the  section  of  the  "  new  incline,'' 
where  the  coal  jMisses  rapidly  into  a  sandy  shale,  never  having  come  to  the 
surface  on  the  rise  of  the  little  hill.  A  third  supposition  is,  that  the  boring 
chanced  upon  a  band  of  disturbance,  and  so  passed  down  between  the  broken 
and  displaced  seams.  The  mixed  nature  of  the  samples  at  and  below  a  depth 
of  325  feet  gave  some  support  to  this  supposition,  and  it  was  the  one  I  felt 
inclined  to  adopt. 

The  facts  disclosed  by  the  new  working  at  the  mines  dispose  me,  however, 
to  think  that  we  have  here  to  deal  with  original  features  of  the  deposits.  The 
lie  of  the  seams  south  of  shaft  No.  2  is  not  quite  what  would  be  inferred  from 
the  outcrops :  the  strike  ijs  more  nearly  due  south ;  and  in  rising  to  the  west 
the  coal  is  stopped  out  against  a  steeper  sloping  face  of  sandstone.  Mr.  Maughan 
has  had  to  deal  with  many  slips  and  crushing  of  the  seams  in  these  new  work- 
ings, but  they  have  all  proved  only  temporary  obstructions,  save  this  one  on  the 
west.  To  prove  it  thoroughly  he  had  a  boring  put  down  from  the  surface  at 
a  point  about  200  feet  west  of  this  stoppage.  At  140  feet  the  red  rocks  were 
passed  through ;  here  again,  as  at  Baner,  this  depth  indicating  the  general  con- 
formity of  the  groups.     Below  140  feet  the  bore  passed  through  270  feet  of  coal- 
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meBBure  rocks,  "  grey  post  and  blue  metal,"  •'.,  e.,  sandstone  and  dark  clay,  to  the 
total  depth  of  410  feet^  without  a  sign  of  coal.  We  can  hardly  again  have 
reooiiTBe  to  the  conjecture  of  a  space  between  faulted  ends  of  the  seams.  The 
one  supposition  that  meets  all  the  local  facts  is  that  of  original  limitation. 

I  said  above  that  this  is  the  least  f  ayonrable  view  to  take,  as  of  coarse  if  the 
intermption  were  only  due  to  faulting,  the  recurrence  of  the  seams  could  be 
counted  on,  whereas  no  diagnosis  of  the  ground  can  do  more  than  guess  at  yari- 
ations  of  original  distribution.  I  do  not  think,  however,  that  there  need  be  any 
alarm  on  this  score  for  the  immediate,  or  even  for  the  distant  future.  I  cannot 
but  think  that  there  must  be  a  great  store  of  coal  beneath  the  Malpi  (Mulpee) 
plain,  and  south  of  it  up  the  valley  of  the  Sitariva. 


Ok  Ptbolusite  with  Psilomelaks  occtjbrino  at  Qosalfur,  Jabalpus  District,  by 

F.  B.  Mallst,  F.  G.  S.,  Oeologieal  Survey  of  India, 

The  existence  of  manganese  ore  at  Gosalpur  appears  to  have  been  known 
for  a  long  time  past,  and  the  mineral  has  been  in  use  to  some  little  extent 
amongst  native  glass  makers  in  the  neighbourhood.  It  was  first  brought  to 
the  notice  of  Government  by  Mr.  W.  G.  Olpherts  in  1875,  to  whom  we  are 
indebted  for  specimens  subsequently  received.  Lately,  the  Deputy  Commissioner, 
Colonel  Playfair,  has  again  called  attention  to  this  ore  and  asked  for  infor- 
mation regarding  it.  Within  the  last  month  Mr.  Medlicott  has  visited  the 
locality,  and  reports  upon  the  deposit  as  follows : — 

"  The  sections  available  for  examination  were  very  poor  indeed,  only  shallow 
holes,  5  or  6  feet  deep,  along  an  irregular  line  some  20  yards  in  length,  on  the 
outskirtB  of  the  village  of  Gt>salpur,  at  the  bfise  of  the  low  ridge  on  which  the 
dak  bungalow  stands.  The  well  in  the  village,  from  which  also  the  ore  was 
obtained,  is  at  a  slightly  lower  level,  about  120  yards  nearly  due  east  of  the  shallow 
pits,  but  it  was  not  available  for  examination.  I  have,  however,  satisfied  myself 
that  the  deposit  is  not  a  vein  or  lode,  and  that  it  has  no  apparent  connection  with 
any  vein  or  lode  in  the  underlying  transition  rocks.  It  is  not,  either,  a  layer  or 
bed  in  the  formation  in  which  it  occurs,  which  is  laterite,  but  is  irregularly 
distributed  throughout  this  rock  in  lumps  of  various  shapes  and  sizes.  These 
mostly  have  a  spongy  or  cellular  structure,  but  some  pieces  of  yeiy  compact  ore, 
more  or  less  renif orm,  were  found.  This  laterite  is  of  the  older  type :  at  least 
in  the  exposed  sections  I  could  not  detect  any  palpable  debris,  which  generally 
characterizes  the  secondaiy  or  detrital  laterite.  It  is  therefore  presumable  that 
the  lumps  of  ore  are  innate,  and  that  the  manganese  is  an  integral  component  of 
the  laterite  in  this  position.  The  ore  in  the  little  pits  is  at  a  higher  level  than  in 
the  well,  which  is  still  in  laterite  at  the  water  level,  45  feet  from  the  surface, 
and  where  the  ore  seems  to  occur  at  any  level.  It  is,  I  think,  reasonable  to 
conjecture  some  local  source  for  such  an  unusual  ing^dient  in  so  wide  spread 
a  rock  as  the  laterite;  but  the  underlying  rocks  are  greatly  concealed  by  the 
laterite  itself,  or  by  alluvium,  and  no  vein  of  this  mineral  may  be  found  in  the 
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few  exposed  outcrops :  manganiferous  iron  ore  is,  however,  known  to  occnr  in 
these  rocks,  more  to  the  north  at  Mogdla  and  Janli. 

'^  Although  the  natnre  of  the  deposit  is  thus  more  or  less  obscnre,  I  see  no 
reason  to  doubt  that  a  large  supply  of  this  ore  maj  be  depended  on  at  Oosalpar." 

The  ore  is  dark  steel  gray,  finely  crystalline,  pyrolusite,  mixed  with  a  varying 
proportion  of  psilomelane.  Some  lumps  are  almost  free  from  the  latter  mineral, 
others  contain  a  considerable  amount ;  but  on  the  whole  the  psilomelane  is  very 
subordinate  to  the  pyrolusite.  The  exterior  of  the  lumps,  and  the  surfaces  of  most 
of  the  internal  cavities  are  more  or  less  coated  by  oxide  of  iron. 

A  carefully  selected  average  sample  of  the  ore  yielded  on  analysis — 

C  Manganese  oalcnlated  at  protoBesqniozide  ...  ...  75*86 

I  Oxygen           ...                ...                •«•  ...  ...  9*96 

Iron,  Besqaiozide  (with  trace  of  alumina)  ...  ...  4'53 

Baryta             ...                ...                ...  ...  ...  3*65 

Phosphoric  acid                 ...                 ...  ...  ...  *28 

InsolnUe  in  hydrochloric  acid              ...  ...  •••  2*74 

Combined  water                ...                ...  ...  ...  £*41 

Hygroscopic  water            ...                ...  ...  ...  *28 

99*61 

The  ore  contains  54'66  per  cent  of  manganese,  and  3'17  of  iron,  with  *28  of 
phosphoric  acid  and  no  sulphuric  acid.  It  contains  15*26  per  cent  of  available 
oxygen  =  83*00  per  cent  of  peroxide ;  as  an  oxidizing  agent,  therefore,  it  is 
of  high  value,  the  average  run  of  manganese  ores  met  with  in  commerce  contain- 
ing only  60  to  75  per  cent.  The  percentage  of  peroxide  in  i^Q  ore,  calculating 
all  the  manganese  as  peroxide,  would  be  86*42  per  cent.,  but  the  presence  of  some 
psilomelane  reduces  the  available  percentage  about  Z\  per  cent.  The  insoluble 
residue  is  chiefly,  or  entirely,  silica.  With  reference  to  the  presence  of  baryta^ 
a  substance  so  commonly  met  with  in  psilomelane,  and  not  unfrequently*  in 
pyrolusite,  it  may  be  mentioned  that  baryta  in  the  form  of  barite  occurs  in  some 
quantity  at  Imlia  near  Sleemanabad,  20  miles  north-east  of  Gosalpur. 


A  GEOLOGICAL  RECONNOISSANCB  FROM  THE  InDUS  AT  KXTSHALOARH  TO   THE   KuRBAM  AT 

Thal  on  the  Affghan  Frontier,  ly  A.  B.  Wynne,  f.g.s,  &o.,  Qeol,  Surv.  Ind, 

In  volume  X.  of  the  Records,  I  gave  a  sketch  of  the  distribution  of  the 
tertiary  rocks  in  the  N.-W.  Punjab.  ^  In  that  account^  and  in  the  nwp  accompa- 
nying it,  the  ground  immediately  along  the  AfEridi  frontier  is  omitted.    In  order 


*  The  information  given  regarding  Upper  Pan  jab  geology,  by  tbe  Oeologieal  Sorvej,  _^ 
Bomewbat  scattered,  I  may  mention  that  the  most  important  areas  as  yet  examined  wiU  be  found 
referred  to,  beeides  theabove,  in  Memoirs  GeoL  Snr.,  VoL  XI,  pt.  2  (TranB-Indus  Salt  Region^  also 
Qrtly.  Jnl.,  Qeol.  Soo.,  Lond.,  Vol.)  XXX,  p.  61,  and  VoL  XXXVI,  p.  847;  a  memoir  on  the  Salt 
Bange,  Mems.  QeoL  Surv.  Ind.,  VoL  XIV.  On  the  neighbonrhood  of  Murree,  Records,  Vol.  V, 
pt.  1,  and  Vol.  VII,  pt.  2.  On  Jam  6  hills,  Records,  Vol.  IX,  pp.  49  and  155.  On  part  of  Upper 
Punjab,  Records,  Vol.  VI,  pt.  8.  On  Kharian  hills,  Records,  Vol.  VIII,  p.  48.  On  Sirban, 
Memoirs,  Vol.  IX,  pt.  2. 
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to  fiU  this  gap,  as  &r  as  possible,  taking  adyantage  this  season  (1879)  of  my 
camp  being  on  the  frontier,  after  visiting  tbe  continuation  of  the  Salt  Range 
bejond  the  Indus,  I  carried  observations  as  far  as  Thai.  Owing  chiefly  to 
circumstances  connected  with  the  present  Affghan  campaign  this  country,  always 
more  or  less  subject  to  frontier  difficulties,  presented  others  regarding  scarcity  of 
supplies,  necessitating  a  rapid  inspection  of  the  ground. 

The  whole  of  the  country  immediately  to  the  east  and  south  is  within  the 
limits  of  the  great  fringing  belt  of  tertiary  rocks  which  borders,  where  it  does 
not  form,  the  outer  hiUs  oi  the  Western  Himalayan  area  (taking  this  in  its 
extended  sense  to  include  all  the  most  northerly  Cis- Afghan  mountains  of  the 
Punjab).  These  tertiary  rocks  of  the  neighbourhood  embrace  the  upper  and 
lower  Siwalik  sub-divisions  of  the  newer  mechanically  formed  beds,  and  ^o  very 
extensively  the  underlying  older  tertiary  ''  Murree  group,"  and  the  eocene 
(Sub4thu)  limestones ;  the  two  last  passing  into  each  other  by  alternation,  an^ 
the  limestones  becoming  largely  developed  westwards  in  the  Koh^t  salt  field. 

The  whole  route  from  Kushftlgarh  to  Thai  lies  in  the  Sub&thu  zone,  for  93 
miles.  Cis-Indus,  all  along  the  northern  margin  of  the  lUwalpindi  plateau,  the 
country  is  traversed  by  what  I  have  called  the  abnormal  junction  feature,  form- 
ing the  inner  boundary  of  the  outer  tertiary  zone ;  it  is  coincident  with  the  base 
of  the  first  high  hiUs  rising  to  the  northwards ;  but  further  west,  trans-Indus, 
though  the  same  physical  relations  continue,  of  lofty  limestone  mountains,  com- 
prising various  mesozoic  and  eocene  groups,  bordered  to  the  south  by  inferior 
hills  of  tertiary  age,  this  junction  feature  has  not  been  examined,  because  the 
higher  mountains  at  the  base  of  which  it  should  occur  are  all  but  entirely  occu- 
pied by  the  ivdld  AfEridis,  Zh&wakkis,  Akhor  Eheyls,  Urukzais  and  other  Yagi^ 
or  independent  tribes,  whose  country  is  closed  to  Europeans  by  British  authority, 
as  strictly  as  Chinese  Tibet  is  by  the  officials  of  that  region.  Discordance  of 
one  kind  or  another  is  the  strongest  characteristic  of  this  junction  feature,  by 
some  regarded  as  a  line  of  fracture,  by  others  as  an  unconformity  marking  a 
limit  of  deposition,  traceable  from  the  N.-W.  Punjab  to  the  Simla  area  of  the 
Himalayas,  possibly  much  further,  and  analogous  to  a  very  similar  feature  in  the 
structure  of  the  outer  Alps.  It  dates  from  the  Himalayan  mountain-forming 
disturbance,  posterior  to  earliest  eocene  times ;  and  it  is  remarkable  that,  although 
some  appearance  of  a  transition  from  the  older  nummulitic  limestone  masses 
north  of  the  line  into  the  newer  and  more  markedly  nummulitic  beds  to  the  south 
has  been  observed,  these  newer  beds  have  been  but  doubtfuUy  distinguished  north 
of  the  junction  in  the  Upper  Punjab.  The  weight  of  evidence,  such  as  it  is, 
goes  to  show  that  the  upper  nuxiunuHtics  ranging  south  of  the  junction  were, 
if  at  all,  but  sparingly  deposited  and  capriciously  distributed  over  the  region  to 
the  north ;  nor  is  it  at  all  certain  that  the  nummulitic  beds  north  of  the  junction 
may  not  be  but  a  local  development  of  older  eocene  limestones  along  the  inner 
(northern)  side  of  the  tertiary  zone. 

Kushilgarh,  where  the  Indus  is  now  crossed  by  a  bridge  of  boats,  is  the 
locality  given  for  some  mammalian  bones  and  teeth,  formerly  miscalled  the  Attock 
fossils,  which  present  certain  differences  from  Siwalik  forms,  as  pointed  out 
by  Mr.  Lydekker  in  these  Kecords,  Vol.  IX,  pt.  3,  Pal.  Ind.  Series  X.  2.     The 
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exact  place  whence  these  fossils  were  procured  is  unknown,  and  several  e£Eorts 
to  rediscover  it  have  failed.^ 

The  rocks  of  the  neighbourhood  are  on  the  horison  of  the  lowest  Siwalik 
'  or  uppermost  Murree  beds,  here  quite  impossible  to  separate  by  any  distinctive 
petrological  character,  a  difficulty  increased  by  the  scarcity  of  fossils  of  any  kind. 
The  existence  of  fossil  timber,  however,  which  is  found  in  the  lowest  of  these 
groups,  though  not  always  present,  may  indicate  the  rocks  belonging  to  the  older 
group  of  the  two. 

The  ground,  though  open,  is  ridgy  and  rugged ;  the  beds  are  highly  inclined 
to  the  north  or  vertical,  and  run  in  directions  from  E.  and  W.,  to  N.  E. — S.  W. : 
they  include  soft  and  harder  greenish  and  gray  sandstones  with  red,  purple,  and 
occasionally  gray,  alternating  clays.  For  several  miles  westward  of  the  Indus,  its 
characteristic  gneiss  and  motamorphio  pebbles  are  thinly  scattered  over  the 
country  ;  but  I  was  unable  to  find  a  single  erratic,  t.  e.,  travelled  block  or  boulder 
such  as  are  so  numerous  across  the  river  about  Jand,  kc. 

Eight  miles  to  the  northwards  are  hills  of  nummulitic,  limestones  of  the 
Bub&thu  character,  bent  up  in  compressed  folds,  and  associated  with  dark  shales^ 
red  clays  and  gypseous  masses.  Sulphur  and  petroleum  springs  occur,  closely 
connected  with  the  upper  zones  of  these  limestones  and  clays,  as  on  the  right  bank 
of  the  Indus,  near  Dandi  hill  station  (where  there  are  appearances  of  once  exten- 
sive sulphur  or  alum  works),  or  issuing  from  the  solid  limestoxie  in  the  Ungo 

pass. 

About  the  same  distance  still  further  northward,  the  main  inner  boundary 
of  the  Murree  and  Subdthu  zones  is  over-slipped  by  the  hill  nummulitic  limestone 
of  NiMbg&sh  mountain,  which  rises  immediately  north  of  the  abnormal  junotioa 
feature,  and  includes  amongst  its  beds  Jurassic,  if  not  other  secondary  rock?. 

Westward  of  the  ground  intervening  between  this  and  Kush^lgarh,  the 
country  is  apparently  complicated,  alternations  of  the  limestones  with  red  rocks 
of  Murree  aspect,  displaying  themselves  largely  in  the  southern  part  of  the 
Zhdwakki  Affrldi  hills. 

From  Kush^lgarh  westward  the  general  surface  rises  towards  the  command* 
ing  hiU  of  G-urgurlot,  the  summit  of  a  range  which,  with  the  exception  of  rock 
salt,  repeats  all  the  essential  points  of  structure  observed  in  the  ridges  of  the 
Kohit  salt  field. 

Approaching  this  hill,  the  purple  and  red  rocks  show  much  contortion,  and 
fold  round  the  greatly  disturbed  double  anticlinal  curvature  which  occupies  the 
range,  but  so  misshapen,  crushed  and  twisted  that  the  original  simplicity  of 
structure  is  greatly  obscured.  The  axis  of  these  folds  run  from  N.-E.  through 
S.-W.  to  a  westerly  strike.  Just  north  of  the  Gnmbat  pass  another  ridge 
of  nummulitic  limestone  includes,  between  itself  and  Ourgurlot,  a  set  of  the 
dark  purple  and  red  sandstone  and  clay  beds  of  the  Murree  group,  aa  a  synclinal 

'  Bones  seem  to  be  specially  uncommoii  among  the  beds  of  Knehilgarli,  perhaps  all  the 
more  reason  for  their  occurrence  in  numbers  in  some  local  layer.    Bach  asitoation  is  said   to  have 
been  found  several  years  ago,  3  miles  west  of  the  village^  in  a  cutting  for  the  Kohit  road^  near  a 
h%fj  or  watch-tower. 
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ibid.  The  veiy  lowest  of  these,  at  their  contact  with  the  last-mentioned  limestone, 
contain  bones.  Bib  bones  and  -fragments  only  were  found,  but  unfortunatelj  no 
teeth.  The  oocurrenoe  of  these  so  low  in  the  series  shows,  however,  that  thq  bone 
beds  of  the  Punjab  are  by  no  means  limited  to  the  upper  (or  Siwalik)  groups. 

It  is  on  the  southern  side  of  the  Gurgurlot  range,  at  Kotejri,  that  an  extra- 
ordinary example  of  complete  inversion  occurs,  placing  the  eocene  limestone 
for  a  width  of  more  than  a  furlong  above  the  next  newer  group  of  sandstones  and 
days  (see  Trans  Indus  Salt  Region,  Mem.,  Geol.  Sur.,  Ind.,  Vol.  XI,  pt.  2,  p.  20.) 

Besides  the  ordinary  succession  of  the  salt  region  tertiary  beds,  bands  of 
flaggy  limestone  here  appear  in  the  gypsum,  having  the  curious  structure  called 
cone-in-cone,  very  perfectly  developed. 

The  general  sujcoession  observed  in  and  near  the  Gurgurlot  range  is  as 
follows  (in  natural  order)  : — 

Lower  Siwalik     f   ^  ^^  greenish -gray  sandstones,  with  bones,  and  red  clays ;  the  sandstones 

V  sometimes  conspicuously  massed  together. 

Mnrree  beds  4  Purple  sandstones  and  bright  red  or  purple  clays* 

8  Alveolina  and  other  f ossilif erous  limestones. 
2  Bed  cky  sonee  of  the  Salt  Region  to  the^south. 

-^  Gypenm  in  massiye  beds  and  uMNKm,  with  layers  of  dark  flaggy  limestone 
and  dark  grayish  clays. 


Eocene  Sab&thu 


Some  of  the  springs  on  the  southern  side  of  Gurgurlot  are  said  to  be  saline, 
more  so  at  times  than  at  others.  The  range  declines  to  the  westward,  being  con- 
nected by  lower  limestone  ridges  with  the  higher  ones  of  the  Bang&sh  hills. 
Both  the  latter  and  the  low  ridges  mentioned  expose  here  and  there,  interstrati- 
fied  with  the  limestones,  clay  and  sandstone  bands,  having  entirely  the  ordinary 
aspect  of  the  Murree  beds,  but  sometimes  including  coarse  sandy  calcareous  layers 
enclosing  nunmiulites,  or  bands  of  olive  clay.  An  alternation  of  this  kind  is  seen 
at  the  little  pass  on  the  Kohdt  road  north  of  Lachi. 

In  the  neighbourhood  of  Gumbat  the  low  ground  seems  to  have  been  eroded 
chiefly,  if  not  entirely,  from  the  sandstones  and  clays  of  this  part  of  the  lower 
tertiary  rocks ;  and  in  every  escarpment  of  the  surrounding  country,  the  red 
rocks  are  seen  to  underlie  the  limestone  portion  of  the  ridges.  This  appearance 
is  as  strongly  seen  as  anywhere  along  the  northern  side  of  the  Ghirgurlot  ranges ; 
yet  when  followed  eastward  through  the  Gumbat  pass,  these  red  rocks  are  plainly 
resting  upon  the  limestones. 

Accepting  this  as  the  normal  order,  it  would  be  easy  notwithstanding 
appearances  to  suppose  the  limestone  in  all  cases,  or  nearly  all,  the  oldest  rock. 
But  farther  west  this  is  found  not  to  be  the  case,  several  alternations  of  the 
limestones  and  sandstones  of  difEerent  thicknesses  taking  place ;  so  that  it  becomes 
exceedingly  difficult  to  find  the  true  positions  of  these  limestones  and  red  rocks 
where  the  sections  are  isolated  or  much  contorted. 

From  Gumbat  to  Koh&t  the  road  passes  for  8  miles  through  an  open  earthy 
or  stony  country  of  alluvial  flats,  terraces,  and  undulations  exposing  either  the 
lower  tertiary  sandstone  and  clays,  or  limestones ;  the  Gurgurlot  range  lies  to  the 
south,  and  the  rugged  hills  of  Zh6wakki  land  are  approached  to  the  north,  show- 
ing long  edges  of  limestone  cropping  out  above  the  red  Murree-like  rocks. 

B 
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Nearer  to  Koh&t,  aboat  Billotang»  low  barren  limestone  liiUs  are  entered, 
showing  many  undnlations  of  the  beds  at  all  angles  np  to 'vertical,  and  several  of 
these  again  exhibit  the  same  alternation  of  the  limestone,  sandstone  and  red 
clays.  A  low  ridge  from  these  hills  stretches  towards  Kohit,  in  front  of  the 
lofty  and  highly  contorted  or  partially  scarped  limestone  monntains  of  the 
AfEridis,  crossed  by  the  hired  pass  from  this  conntry  to  Pesh^wnr. 

The  remainder  of  the  distance  to  Koh&t  (15  miles  from  Gombat)  is  through 
flat  irrigated  country ;  but  in  the  ascent  from  the  station  to  the  pass  just  men* 
tioned,  dark  arenaceous  and  rusty  impure  limestones,  containing  Jurassic  and 
cretaceous  fossils,  are  folded  amongst  the  dark  gray  nummulitio  limestones  of  the 
hill  type  ;  and  the  line  of  abnormal  junction  traverses  the  country  from  east  to 
west  along  the  southern  face  of  the  Af&^di  hills.  Further  north,  within  the  pass, 
much  of  the  gray  limestone  everywhere  visible  may  be  of  triassic  or  at  least 
mesozoic  age ;  a  sufficiently  close  examination  to  decide  this  was  prevented  by 
political  reasons  at  the  time  I  traversed  the  pass. 

At   Koh&t    one  is   close   to   the  frontier,  the  much  folded  and  contorted 
limestone    wall  of  the  Affridi   mountains,   rising  abruptly  from  the  northern 
side  of  the   Bang^h,  or  Kohat  Towey,  valley  and  attaining  greater  elevation 
as   the  mountains  run  westward.     The  station  is  built  upon  a  stony  rising 
ground,  one  of  the  many  fan-like  accumulations   of  subaerial   detritus   at  the 
mouths  of  the  mountainous  valleys  of  the  Upper  Punjab^.      The  situation,  the 
vicinity  of  a  mass  of  limestone  mountains,   and  the  presence  of  coarse   stony 
superficial  deposits,  are  all  favorable  towards  the  existence  of  the  remarkable 
springs  which   occur  here ;   a  large  one,  over  which  a  musjld  has  been  built, 
sends  forth  a  perpetual  great  stream  sufficient  to  turn  the  wheels  of  several  mills, 
and  to  water  the  whole  station.     Looking  towards  the  Bangdsh  valley,  famous  for 
its    fruit    trees,   its  limpid  streams,  and  the   cutting    cold  wind  which  blows 
down  it  on  winter  mornings,   the  high  mountains  lie  to  the  north,  cmd  a  long 
ridge,   also  of  limestome,   terminating  eastward  in    considerable  ragged  emi- 
nences,  closes   it  in    on  the  south.     This   southern    ridge   is  of  fossiliferona 
upper  nummulitic  limestone,    overlying  a  thick  band  of  such  gray  sandstones 
and  red  clays  as   are  common  in  the  Murree  group,  the  whole  dipping  rather 
steeply  to  the  south.     The   only  spot  at  which  the  northern  limestones  could 
be  inspected  was  near  a  group  of  ruins,  some  4  miles  from  the  station,  perched 
nearly  on  the    top   of  a  minor  spur.      The  limestones   here  were  found  to 
contain  dark   and    rusty  beds   distinguishable  even  from  the  road,   amongst 
which  Belemmtes  and   fragments  of    other   cretaceous  Cephalopoda     (as  deter- 
mined by  Dr.  Waagen)  were  observed.     The  beds  as  usual  appeared  to  be  folded, 
but  from  a  distance   the  whole  face  of  the  mountains  presents  sufficient  of  a 
northerly   dip  to   give  them  a  decidedly  scarped  appearance.     Here  also  were 
found  the  ordinary  features  of  the  line  of  abnormal  junction :  on  one  side  nu&k- 
mulitic  limestones   interstratifled  with  red  beds  of  the  older  tertiary  aspect,  and 
on   the    other,   different  hard  limestones,  including  bands  ccmtaining  Jurassic 

^  Finely  displayed,  I  am  told,  along  the  upper  watera  of  the  Kurram  river  in  Afghamstanj 
aa  seen  from  the  Pel  war  Kotnl  route. 
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and  cretaceous  foBsils,  the  beds  dipping  diversely  and  presenting  the  appearftnoe 
of  fractured  displacement. 

The  Talley  is  naorow,  scarcely  a  mile  in  width,  the  frontier  line  sometimes 
not  more  than  half  that  distance  from  the  road,  and  the  surface  is  formed  of  a 
drab  saline  olaj  soil  ot  aUuvium,  apt  to  harden  at  first  on  drying,  then  to  pulverise 
into  fine  dust,  and  to  form  rapidly  deep  fluid  mud  on  i}ie  access  of  rain.  Near  the^ 
village  of  Kuz-Usturzai,'  the  main  stream  is  joined  by  another  from  the  valley  of 
Samilsai  and  Murrai,  which  re-enters  the  mass  of  the  mountains  to  the  northward 
iar  some  8  or  10  miles,  and  might  therefore  be  likely  to  expose  something  of  their 
geological  relation.  As  is  not  unusual  along  tiie  frontier,  this  recess  containing 
soma  cultivable  ground,  is  included  within  the  British  boundary,  the  '*  red  line" 
leaving  the  mountains  outside ;  still  it  was  considered  expedient  that  I  should  not 
enter  the  valley  without  an  increased  guard  and  special  arrangements,  which  the 
preasure  of  circumstances  precluded.  Bo  far  as  could  be  seen,  the  gpround  within 
it  was  traversed  by  low  limestone  ridges,  partly  continuous  with,  and  partly  re- 
peating, the  features  of  the  adjacent  part  of  the  main  valley,  where  nothing  except 
eocene  beds  were  recognized.  On  the  north-eastern  and  northern  sides  of  this 
Murrai  valley,  the  lofty  limestone  escarpment  from  the  neighbourhood  of  Koh^t 
was  observed  to  sweep  along,  broken  by  ravines  and  plateau-like  sutnmits,  towards 
Khuyukkai  Sir,  culminating  some  miles  to  the  westward  at  the  tabular  summits 
of  Mazzeoghar  and  Dnpah  Sir, — ^the  latter  over  8,000  feet  in  height,  faced  to  the 
sonth  by  stupendous  clifb,  and  overlooking  the  high  valley  of  Tirah  to  the  north. 

In  these  cliffs  strong  zones  of  gray  limestone,  alternating  with  much  softer 
thick  bands,  probably  of  shale,  could  be  seen  dipping  at  angles  of  30®  and  40**  in 
northerly  directions,  the  dip  becoming  more  marked  and  steeper  in  the  same  direc- 
tion, away  to  the  westward.  The  stream  coming  from  these  mountains  brings  down 
pebbles  chiefly  of  dark  gray  limestone  in  which  fossils  are  concealed  or  absent,  but 
the  rock  looks  and  smells  like  the  hill  variety  of  the  nummulitic  limestone ;  there 
are  also  a  few  of  light-coloured  fossiliferoas  nummulitic  limestone,  others  of  a 
greenish  semi-oolitic  limestone,  containing  parts  of  bivalve  shells  with  strongly 
marked  umbones  and  many  large  blocks  of  hard  white  quartzite  sandstone. 

The  road  to  Hangu  rises  from  the  alluvium  of  this  stream  on  to  flat-topped 
Karewah  lulls,  formed  of  horizontal  boulder  conglomerates,  from  40  to  100  feet 
thick,  beneath  which  are  vertical  grayish  dull  sandstones  and  bright  red  clays. 
These  last  are  seen  again  edging  the  bases  of  long  low  nummulitic  (ridges  to  the 
northward,  which  dip  into  the  valley  in  various  northerly  directions.  It  here 
becomes  evident  that  the  Hangu  valley  is  excavated  upon  the  softer  much  dis- 
turbed red  clays  and  sandstones  underlying  and  interstratified  with  thick  zones  of 
the  Alveolina  and  other  upper  nummulitic  limestone,  the  whole  axrangement 
being  not  unlike  that  of  the  Subdthu  beds  in  many  places  along  the  north  of  the 
R&walpindi  plateau,  but  on  a  much  larger  scale.  Deep  excavation  in  the  valley 
beds  and  the  stony  hills  they  form  continue  to  the  camping  ground  of  Sherkot, 
12  miles  from  Kohdt,  and  there  is  nothing  in  the  structure  of  the  ground  within 
British  territory  here  to  mark  the  westerly  continuation  of  the  discordance 

'  Coramonlj  called  "  Sthooraee"  by  the  natires. 
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between  the  ntunmub'tic  beds  of  the  yicinitj  and  the  limestones  of  the  monn. 
tains   to   the  north. 

In  the  next  march,  to  Ibrahimzai  (8  miles),  another  stream  from  the  nor- 
thern hills,  having  a  long  easterly  oonrse  from  behind  the  SamAna  ridge,  is 
crossed  at  Baiss ;  the  bonlders  in  the  stream  being  of  similar  kinds  to  those  pre- 
▼iooslj  mentioned.  The  valley  here  becomes  mnch  more  confined  and  hilly, 
and  at  the  fifteenth  mile  from  Kohdt  is  obliquely  crossed  by  the  ridge  which  has 
hitherto  bordered  it  on  the  south,  the  riv6r  finding  its  way  through  a  deep  gap 
called  Khwajahkhezal.  In  the  ascent  to  where  the  road  is  led  through  this 
pass,  on  the  northern  bank  of  the  stream,  as  in  some  hills  to  the  eastward,  the 
more  solid  limestone  of  the  ridges  is  seen  to  overlie  compact  lumpy  gray  or 
drab  AlveoHna  limestone,  which  rests  upon  strong  gray  sandstones  immediately 
overlying  thick  red  clays ;  the  whole  folded  into  an  anticlinal  and  synclinal 
curvature.  From  the  top  of  the  pass  to  its  western  opening,  an  ascending  series 
with  a  dip  of  50^  or  60''  is  exposed,  thus — 

f  Red  clays ;  remains  of  a  band  leyeral  feet  tlii<^. 
Strong  nnmxnnlittc  limestones,  overlying  ...  284'. 

Greenish  shalj  and  softer  beds,  concealed  by  talos  ...  tl^ 

Red  clayfl.  Obecored. 

Thick  alternations  of  strong  bedded  and  sbaly  lime- 
stone  and  greenish   shales;  layers   of  the  lime- 
stone crowded  with  fossils  ...  ...  258' 

Grayish  and  purplish  sandstones  with  red  clays     ...     over  100^ 


Upper  nnmmnlitic.     * 


811' 
Westward  of  the  pass  the  valley  again  slightly  opens,  and  on  its  south  side 
higher  beds  of  the  limestone,  overlying  red  clays,  Ac,  with  a  southerly  dip,  form  a 
ridge  extending  nearly  to  Ibrahimzai.  About  this  village  all  the  much  disturbed 
high-cliff-forming  limestone  ridges  strike  westward  obliquely  across  the  valley 
to  the  flanks  of  the  Samana  ridge. 

From  Ibrahimzai  to  Mirkhweli  (the  hill  sanitarium  for  Kohdt,  having  an 
elevation  of  4,700  feet),  5  miles  to  the  south-east,  many  alternations  of  the 
limestones,  clays  and  sandstones  are  exposed,  at  first  nearly  vertical,  then 
forming  a  wide  synclinal  basin,  over  the  central,  east  and  west,  axis  of  which 
is  the  little  station  of  Mirkhweli.  All  these  beds  are  higher  in  the  series  than  those 
of  the  succession  given  above,  and  have  an  estimated  thickness  of  fully  4^000  feet. 
The  northern  slopes  and  precipices  of  these  hills  are  much  concealed  by 
a  jungle,  often  densely  luxuriant,  of  Kcuo^  Pulldi,  Mazzurra  (dwarf  pahn), 
Sunhetta  and  other  bushes,  sometimes  attaining  the  growth  of  trees,  and  support- 
ing vines.  Hence  the  thicknesses  of  the  zones  in  detail  are  not  readily  distin- 
guishable, though  they  may  be  roughly  stated  at  from  two  to  four  hundred  feet. 
The  following  series  was  here  made  out  (natural  order)  : — 

Fio.  1  (see  Map), 

14.  Small  limestone  cap  on  snmmit  of  Mirkhweli. 

19.  Purple  clay  zone,  nnder  the  Ileputy  Commissioner's  honse. 

12.  Thick  capping  of  gray  Alveolina  limestone,  forming  the  general  hill  top. 

II.  Red  and  purple  earthy  and  sandstone  rocks  of  the  aspect  of  Mnrree  heds. 
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Niiineax)ii8  fragments  of  a  gray  (green-weathering),  coarse  caloareons  sand- 
stone, conglomeratio  witli  fragments  of  qnartzite  and  white  homstone,  are  scattered 
over  the  slopes  of  Mirkhweli  formed  by  this  zone ;  its  presence  in  eitu  here  can 
scarcely  be  donbted. 

10  Yerj  thick  zone  of  gray  Alveolina  limestone,  defining  the  basin  and  fonning  the  nimmit  of 
Spirkhwet  hill. 
9.  Bed  clays. 
8.  Very  thick  hand  of  olive  clays. 

7.  Berk  f errog^nons  and  greenish  gray  conglomerate,  pebbles,  white  chert  and  qnartzite. 
6.  Compaet  nnmmnlitic  and  AlveoHna  Umeslone. 

6.  Bed  clay,  orerlying  bands  of  dnll  sandstone. 
^  Thick  olive  days  or  shales. 

8.  Bed  days. 

2.  Strong  ridge  of  gmy  limestone. 

1.  Bed  clays  and  dnll-colonred  sandstones,  a  thick  band,  overlying  limestones  of  similar 
kind  as  above-noted. 

Beneath  these  last  mentioned  limestones  are  the  uppermost  beds  of  the 
sQCcession  previoosly  giyen,  so  that  this  part  of  the  Sab&thn  group  appears  to 
haye  a  thickness  of  5,000  to  5,500  feet,  roughly  estimated. 

From  the  summit  of  Mirkhweli,  looking  northwards,  a  fine  view  is  obtained 
of  the  lofty  limestone  mountains,  with  the  lower  Samina  ridge  in  front,  forming 
a  marked  anticlinal  curye,  its  southern  side  being  sheeted  with  inclined  curving 
beds  of  bare  rock  dotted  with  scattered  jungle,  while  the  ranges  behind  continue 
the  northern  slope  of  the  curve.  The  alternation  of  gray  limestone  and  thick 
softer  zones  is  very  visible,  but  nothing  redder  than  the  colour  of  the  withered 
Bubber  grass  could  be  seen  by  the  aid  of  a  field  glass.  These  mountains  in 
i  are  so  high,  that  even  from  this  elevation  (2,000  feet  by  aneroid  above 
i,  and  4,700  feet  above  the  sea),  but  little  of  the  Sufed  Koh,  away  to- 
wards its  peak  of  Sikaram,  could  be  seen. 

In  the  opposite  direction  Mirkhweli  dominates  all  the  numerous  limestone 
ridges  and  valleys  occupied  by  the  red  rocks,  Ac,  of  the  Kohat  salt  field. 

From  Ibrahimzai  to  Hangu  the  valley  narrows  and  seems  blocked  by  over- 
lapping profiles  of  limestone  ridges,  one  of  these,  north  of  the  road,  again  show- 
ing distinctly  a  thick  intercalated  band  of  the  red  rocks  between  two  limestone 
sones.  At  Hangu  the  latter  is  dark,  containing  but  few  fossils,  and  dips  strongly 
to  the  north-east.  Here  a  small  valley  running  northwards  reaches  the  Sam&na 
anticlinal  beyond  the  frontier.  By  sending  a  messenger  into  this  forbidden 
ground,  I  obtained  specimens  of  dun  lithographic  textured  limestone,  some  with- 
out fossils,  but  one  full  of  AlveoUncs  which  was  stated  to  have  been  taken 
from  the  southerly  sloping  beds  of  the  ridge.  Others  were  of  white  sand- 
stone, rasty  externally,  the  position  of  which  was  shown  as  a  baud  along  the 
foot  of  this  Sam^na  ridge.  This  white  sandstone  is  identical  with  the  blocks  in 
the  streams  near  Sherkot. 

The  hills  south  of  the  valley  at  this  place  are  rugged,  jungly,  and  grassy 
limestone  masses,  evidently  continuing  the  undulation  of  the  MirkhweU  section. 
At  this  part  of  the  valley  the  soil  has  changed  colour  to  darker  brown  and  black 
tints,  the  causQ  of  which  is  not  very  evident. 
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From  Hanga  to  Togh,  34  milee  from  Koh&t,  the  yallej  opens  out  oonfiider- 
ably,  the  Sam^na  ridge  trending  to  the  N.  W.,  and  long  terrace-like  monnda 
or  f«-Tif^  are  seen  along  its  north  side,  similar  to  those  ohaeryed  in  the  Ten  ralley 
to  the  south  ( Mem.  Geol.  Sur.,  Vol.  XI,  p.  109 ).  The  frontage  of  the 
nc^hem  hills  still  shows  the  anticlinal  slope  of  the  Samdna  ridge,  overtopped 
bj  the  scarped  edges  of  the  beds  in  the  mountains  bejond.  South  and  south- 
westward  the  same  features  continue  as  were  noticed  from  Hangu;  but  a 
depression  in  the  crest  of  the  nearest  range  allows  other  parallel  ridges  with  long 
horizontal    outcrops  of  limestone  to  be  seen  beyond. 

From  Togh  to  Suruzai,  11  miles,  the  valley  becomes  still  wider ;  its  crest  is 
passed  at  Kai,  and  the  Zwymukht  valley  joining  it  iroiai  the  north-west,  the 
superficial  waters  unite  to  form  the  Shakkalli  stream,  which  falls  into  the 
Kurram  below  Thai. 

Most  of  the  ground  is  covered  with  low  accacia  and  Mazzurra  jungle,  and 
two  lofty  clusters  of  limestone  mountains  are  seen  to  the  westward,  one  the  Dano 
hills  over  Tarawari  and  Darsamand,  the  other  the  Kadimuk  group  immediately 
north  of  Thai  camp. 

Near  Togh,  at  the  village  of  Bar,  a  mass  of  green  clays  with  harder 
calcareous  mudstone  layers  shows  itself,  dipping  at  60°  beneath  the  limestone 
of  the  southern  side  of  the  valley ;  it  appears  to  be  more  than  200  feet  thick, 
and  has  white  haUar  effloresence,  but  no  fossils  could  be  found  in  it,  its  aspect 
is  not  unlike  the  Sheor  Kowra  clays  of  the  Koh4t  salt  field.  This  band  seems 
to  follow  the  course  of  tho  Shakkalli  stream  the  whole  way  to  and  below  Thai. 

Near  Kai  there  are  long  flat-topped,  slightly  hanging,  terrace-like  detoital 
hills,  and  on  the  ''divide"  between  the  Shakkalli  and  Koh6t  Towis  there 
are  some  outcrops  of  dark  green  coarse  gravelly  and  fine  olive  quartzose 
calcareous  grits ;  these  beds  weather  black,  and  the  gravelly  ones  contain  little 
fragments  of  limestone,  mostly  angalar.  Over  these  are  green  clays,  mTnil^r  to 
those  at  Bar,  with  purple  bands  and  hard  sandstone  layers ;  the  group  is  evidentiy 
much  folded,  on  east  and  west  lines.  It  is  not  improbable  that  the  large  valley 
here  has  been  mainly  excavated  from  these  rooks,  which  possess  more  or  less  of  a 
Sub4thu  aspect,  but  yielded  no  fossils  except  some  broad  striated  plant 
impressions. 

North  of  this  the  Sam&na  ridge  appears  to  inosculate  with  the  higher 
limestone  hills,  the .  scarps  of  which,  running  west  by  north  for  the  summit  of 
Zawaghar  (9,360  feet),  still  shew  prominently  two  or  more  broad  zones  of  shales, 
or  other  soft  beds,  between  the  harder  ones  of  limestone,  the  dip  having  now 
coma  round  to  ndrth-by-east. 

To  the  west  the  Dano  and  Kadimuk  mountains  both  show  great  anticlinal 
axes  to  the  south,  with  strong  northerly  dips  at  45°,  and  inner  folds  along  the 
lesser  elevations,  uniting  them  with  the  Urakzai  mountains  northwards.  To  tho 
south  the  rolling  nummulitic  limestone  hills  still  shut  in  the  valley  extending 
nearly  as  far  as  Grandior,  54  miles  from  Kohat. 

In  the  streams  from  the  northward  between  Kai  and  Togh,  I  found  numbers  of 
light-coloured  sandstone  blocks,  some  of  dark  green  quartzite,  and  many  dark 
gitky  limestone  pebbles,  some  of  which  contain  shell  fragments.  Fragments  of  a 
dark  gray  limestone,    weathering  deeply  to  a  brown  colour,  contain  fragments 
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of  BhffnchOfMMlla  with  fimaller  bivalTes,  and  a  dark  oonglonieratio  flemi-4x>liiic 
calcareons  grit,  with  wliite  quartz  in  scattered  grains,  was  found  to  enclose 
Belmtmites.  This  stream  comes  from  the  highest  part  of  the  Samana  ridge,  where 
there  is  at  least  this  eyidence  of  the  occurrence  of  the  mesozoic  rocks.  The  beds 
d  streams  further  west  towards  Suruzai  and  Doaba  are  largely  filled  with  gray 
shale  detritus ;  one  coming  from  Darsamand  also  contains  dark  sandstone  frag- 
ments enclosing  Belemnitea^  and  the  soil  is  frequently  dark  coloured  or  blaokish 
recalling  the  cotton  soil  of  the  Deocan. 

From  Suruzai  to  Gandior  the  character  of  the  oountiy  is  quite  the  same  as  just 
now  described.  Crossing  the  Maszurra^conrered  plain  from  Gundior  to  the  Darsa- 
mand  mountain,  near  the  base  of  the  latter,  greatly  disturbed,  dark  rugged  limiestotte 
with  small  nummulites  and  the  Httle  Botalina  characteristic  of  the  eocene  hill 
limestones  are  first  seen.  Some  of  the  beds  have  a  conglomeratic  structuite 
enclosing  limestone  lumps.  A  band  of  sandy  limestone  also  appears,  and  then 
green  quartzose  grits,  weathering  to  a  black  metallic  colour.  Beyond  these  is  a 
strong  rib  of  thick  and  thin-bedded  compact  gray  limestone  without  fossils, 
dipping  at  high  angles  northwards  and  underlying  a  band  of  dark  greenish  and 
rusty  olive  or  whitish  hard  coarse  silicious  sandstone,  the  dip  of  which  is 
50^.  Similar  sandstone  and  hard  olive  shaly  beds  occur  on  the  further  side  of  a 
hollow  as  if  faulted  against  massive  blue  limestone,  with  a  southerly  dip  at  right 
angles.  Sheets  of  this  stretch  up  the  mountain  side  forming  the  southern  slopes 
of  the  auticHnal  curve  before  mentioned.  No  fossils  were  found  in  $itu  in  these 
limestones,  but  fragments  from  the  hill  contain  WiynclumneUa,  oysters  and 
ChemnntstuP'hke  spirals,  and  have  a  semi-ooHtic  stmctore. 

Here  all  similarity  to  the  nummulitio  limestone  has  vanished,  cmd  a  fault 
evidently  separates  the  latter  from  the  rocks  of  the  hills.  Moreover,  these  at  the 
point  struck  must  belong  to  a  middle  portion  of  the  hill  section,  for  the  axis  of 
the  ttnticlinal  bending  downwards  brings  in  higher  beds  to  the  eastward,  likewise 
checked  against  the  low  outer  rib  of  limestones,  <fec.,  having  a  northerly  dip. 

The  fault  here  may  be  the  great  fractured  junction  feature  of  the  eastern 
Upper  Punjab  section,  but  a  hasty  glance  was  all  thi^t  could  be  obtained  at  the 
ground,  the  frontier  lines  here,  as  is  often  the  case,  being  rather  hypothetical. 
Between  Ghuidior  and  Thai  (68  miles  from  Kohdt)  this  long  valley,  through 
which  a  main  route  from  Afghanistan  has  lain  since  the  time  of  Baber,  becomes 
again  narrow,  though  joined  from  the  north  by  the  Singroba  glen.  The  mountain 
masses  of  Dano  and  Kadimuk  shut  out  the  more  distant  ones  to  the  north  in 
a  great  measure,  and  the  southern  side  of  the  valley  is  no  longer  formed  of 
limestone,  but  of  almost  horizontally  bedded  sandstone  and  clays,  partly  of  the 
Murree  group,  and  partly  of  Lower  Siwalik  aspect,  the  continuation  of  those 
occupying  the  Dalian  valley.     (Mem.  Geol.  Sur.,  Vol.  XI,  p.  101.) 

At  the  southern  bank  of  the  river,  not  far  from  Gandior  thannah,  is  a 
mass  of  limestone  conglomerate  with  all  the  appearance  of  the  usual  valley  beds, 
in  a  consoliated  state,  but  it  dips  at  60°  to  the  north-west,  resting  on  or  against 
greenish  and  purple  days,  which  come  oat  from  beneath  the  nununulitic  lime- 
stones.  The  position  of  this  conglomerate  may  perhaps  be  accounted  for  by 
supposing  an  old  consolidated  terrace  to  have  been  ^undercut  by  the  river,   and 
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to    have  subsided  into  this  sloping  attitude  by  its  own  weight.    If  not»  the 
oconrrence  is  remarkable. 

The  walled  village  and  the  camp  at  Thai  are  situated  at  the  confluence  of 
the  Singroba  stream  with  the  river  Kurram,  and  upon  coarse  detrital  river 
accumulations  of  the  local  rocks.  The  elevation  is  supposed  to  be  about^  or  some* 
what  over,  2,000  feet.  Within  a  mile  of  the  camp  to  the  north,  the  high  moun- 
tain of  Eladimuk  shows  a  short  east  and  west  anticlinal  axis,  around  which  the 
strong-bedded  limestones  form  an  elliptical  quaquaversal  dome. 

Favoured  bj  Colonel  Gordon,  commanding  at  Thai,  with  an  extra  gfuard, 
I  was  enabled  to  visit  the  lower  part  of  this  mountain.  On  the  waj  there  an 
exterior  group  of  lulls  was  crossed,  composed  of  contorted,  vertical  and  much 
disturbed,  hard  oHve  and  gray  quartrose  sandstones,  covered  with  a  dark  metallic 
lustrous  film,  and  green,  gray  or  purple  days,  some  of  which  are  exceedingly  fine 
and  hard,  with  a  splintry  structure.  Subordinate  beds  and  bands  of  marly 
limestone  also  occur.  Some  of  the  latter  contain  well-preserved  corals  of 
two  or  three  species,  and  in  one  bed  of  the  externally  dark-coloured  sandstone 
I  observed  a  few  casts  of  small  echinoderms. 

Among  the  lowest  beds  of  this  exterior  (P  lower  Sabdthu)  group  are  un- 
equally coarse  sandstones,  enclosing  fragments  and  large  blocks  and  blotches  of 
limestone.  Nearly  in  the  same  strike  I  also  found  a  thick  bed  of  limestone  con- 
glomerate, apparently  veoonstructed  from  such  limestones  as  those  of  Kadimuk. 
The  base  is  sandy,  and  lying  on  the  rock,  as  if  weathered  out  of  this,  a  frag- 
ment of  a  Belemnite  was  picked  up.  Notwithstanding  the  interstiatification, 
there  is  in  consequence  of  the  occurrence  of  this  bed  some  appearance  of  a 
break  low  down  in  the  group;  but  the  relations  of  this  to  the  rock  of 
KftfiiTTmlr  are  those  much  more  of  faulted  discordance  than  of  unconfor- 
mity. The  whole  outer  group,  in  spite  of  the  faulted  appearance,  sweeps 
round  the  axial  western  dip  of  the  high  mountain,  and  for  some  distance  from  the 
river  strikes  up  the  left  bank  of  the  Kurram. 

At  the  southern  base  of  the  mountain  a  thin  band  of  the  dark-weathered 
sandstones,  dbc.,  separates  a  considerable  mass  of  gray  limestone  from  the  Kadi- 
muk anticlinal.  This  limestone  has  an  uneven  texture,  showing  small  black 
specks  like  minute  organisms,  with  a  few  narrow  spines.  Such  limestone  is  not 
uncommon  in  the  lower  hill-nummulitics  of  the  region  north  of  Bawalpindi  plateau. 

In  the  strong  limestones  of  the  mountain  I  found  no  fossils  in  ntu,  but 
fallen  fragments  contained  anneloid  tracks,  oysters,  bryosoa,  or  small  corallines 
and  corals,  many  small  gastropoda,  some  like  NerinoBa^  and  a  few  sections  of 
impacted  little  bivalves,  the  aspect  of  the  whole  being  that  of  older  limestones 
ih^n  any  of  the  eocene  ones  I  am  acquainted  with. 

One  of  the  officers  of  the  Kurram  force  (Mr.  Macleod,  29th  Punjab  Infan- 
try) informs  me  that  some  time  ago  near  the  summit  of  Eladimuk,  beneath  a  lime- 
stone cliff,  he  found  several  ammonites  lying  on  the  surface  of  a  softer  band.  I 
was  unfortunately  not  able  to  procure  any  specimens  of  these,  even  through  an 
inhabitant  of  Thai  who  knew  where  they  are ;  for  it  appeared  that  part  of  the 
mountain  was  occupied  by  a  wandering  party  of  Ohilsais  with  whom  the  people 
of  Thai  were  at  feud. 
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Immediatelj  across  the  Knrram,  on  the  Afghan  side  opposite  to  Thai,  is 
the  Yeiy  ragged  lull  of  Bakkarkanch  (flint-stone),  entirely  different  in  appearance 
from  any  of  the  neighbonring  ones.  It  is  chiefly  formed  of  masses  of  hardened 
and  altered  brecciated  beds,  some  being  altered  limestone  or  a  silicions  rock  full 
of  angular  fragments  of  hornstone  or  flint,^  nsnally  mottled  or  banded  with 
reddish  or  dark  purple  and  gray  tints.  Others  enclose  also  angular  fragments 
of  white  earthy  limestone,  as  if  the  whole  had  once  formed  flaggy  beds  ;  but  the 
fragments  now  lie  at  all  angles  in  the  rock*  Between  these  beds  are  purple, 
fla^^  and  gray  or  greenish  shaly  bands  of  Sub&thu  aspect,  layers  of  a  ferrugin- 
oos  red  lateritio  rock,  and  some  of  very  hard  thin-bedded  limestone  without 
fossils.  The  bed^  are  broken  into  disconnected  masses,  and  the  cause  of  their 
alteration  is  not  far  to  seek,  for  everywhere  through  the  hill  are  numerous  in- 
tmsions  of  hard,  dark  or  decomposed,  variously  coarse,  crystalline,  syenitic  and 
compact  trap,  weathering  down  so  as  to  be  less  prominent  than  the  silicious 
altered  rocks.  Looking  from  one  of  the  summits  towards  the  westward,  a  large 
space  among  lower  hills  was  seen  to  be  occupied  by  cores  of  the  dark  crystalline 
trap,  the  chief  sources  of  which  may  be  in  this  direction. 

Besides  the  dark  solid  traps  there  are  also  what  seem  to  be  masses  of  agglo^ 
znerate  of  trappean  fragments,  and  fine-grained  tufaoeous  traps,  alternating  in 
beds  or  layers.  It  was  not  found  possible  to  recognise  such  an  association  of 
these  lava-like  rocks  with  the  altered  ones  as  would  establish  contemporaniety ;  but 
the  entire  assemblage  has  the  mixed  appearance  one  wotdd  expect  to  find  near 
the  core  of  a  denuded  volcanic  vent. 

Just  beneath  and  in  the  under  surface  of  one  of  the  brecciated  bands  near 
the  top  of  the  ridge,  old  excavations  were  shown,  made  along  the  outcrop  in 
order  to  extract  a  dark,  gray  and  black  heavy  mineral  which  soils  the  fingers  and 
marks  paper.  It  occurs  in  but  small  quantity  and  seems  to  be  a  mixture  of 
graphite  with  something  else  disseminated  in  the  breccia ;  it  is  used  by  the 
natives  as  '*  kohl,  "  and  they  call  it  of  course  sdrma'.  (I  have  not  yet  had  time 
to  examine  it  closely) . 

This  is  the  first  instance  in  which  I  have  met  with  igneous  rocks  among 
any  of  the  mesozoic  or  tertiary  groups  of  the  Punjab.  The  locality  is  fairly 
within  the  region  of  the  Sub&thu  beds,  and  these  trapps  may  be  but  an  outlying 
portion  of  a  larger  igneous  area  to  the  westward  towards  Ehost,^  in  which  direction, 
as  well  as  up  the  course  of  the  Kurram  as  far  as  can  be  seen,  the  mountains  present 
a  softness  of  outline  and  a  generally  bare  or  withered-grass-covered  aspect,  en- 
tirely unlike  that  of  the  hills  around  on  any  other  side. 

Chaperoned  by  a  couple  of  tame  armed  Waziris,  in  addition  to  the  guard, 
I  visited  the  scarped  outcrop  of  their  hills  south  of  Thai.  On  the  way  thither, 
a  low   ridge  between  the  Singroba  and  ShakkaUi  streams  was  found  to  consist 

1  Much  used  by  the  Tagi  tribes  for  gnn  flints. 

3  Thii  is  perhaps  the  mineral  mentionod  as  an^mony  oecnrring  at  Ponjali-f-Shab  Knrram 
river,  by  Agba  Abbas,  in  Jour.  As.  Soo.  Bengal,  vol.  XII,  p.  695. 

*  I  have  seen  specimens  of  asbestus  from  two  miles  west  of  Segai  E&ngah  Kbost,  where 
it  it  so  plentifnl  the  people  are  said  to  make  it  into  ropes ;  the  locality  is  stated  to  be  two  long 
days'  journey  from  Thai  into  Afghanistan^ 
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of  the  same  kind  of  bard,  dark-weathered  Bandstones  and  olive  and  pnrple  shales 
as  occur  between  Thai  and  Kadimnk.  The  beds  are  vertical  and  folded,  striking 
nearly  N.  N.  E.,  and  some  of  the  sandstone  bands  contain  badlj  preserved  shells 
of  large  oysters,  others  those  of  a  long  and  narrow  but  smaller  form.  South 
of  the  Shakkalli  river  is  a  mass  of  greenish  gray  clay  coasting  round  the 
escarpment,  extending  down  the  Kurram,  and  very  probably  the  same  zone 
as  is  seen  at  intervals  eastward  as  far  as  Togh.  Besting  upon  thu  clay 
with  a  southerly  dip,  there  is  a  band  of  some  100  or  150  feet  of  dark  and 
lighter-coloured,  mostly  thin*bedded,  compact,  Alveolina  limestone,  immediately 
succeeded  by  a  thin  layer  of  calcareous  concretionary  pseudo-conglomerate, 
over  which  come  the  usual  bright  red  clays  and  g^y  sandstones  of  the  Murree 
group,  the  latter  here  sometimes  enclosing  small  pebbles.  Climbing  to  the  top 
of  the  scarp,  these  and  similar  beds  are  seen  to  undulate  over  the  country  towards 
Dalian.  Southwards  they  form  large  honzontally  stratified  elevations,  amongst 
which  a  scarped  hill  at  a  distance,  the  scarp  doubtles  formed  by  a  somewhat  bent 
and  twisted  aone  of  nummulitic  limestone,  is  the  western  termination  of  the 
Ragotungi  ridge  of  the  Koh4t  salt  field,  where  that  ridge  passes  into  Waziri 
land.  Still  further  off  to  the  south  is  the  rugged  outline  of  a  high  ridgd  in  the 
upper  Siwalik  sandstone  and  conglomerate  basin  north  of  Banu.^ 

Near  the  edge  of  the  scarp,  not  so  much  as  200  feet  stratigraphically  above 
the  nummulitic  Alveolina  limestone,  I  found  several  fragments  of  large  mam- 
malian bones  in  a  coarse  pseudo-conglomeratic  layer,  but  could  find  no  teeth.  One 
narrow  bone,  broken  into  three  fragments,  seemed  to  show  the  tubular  structure 
of  those  belonging  to  birds.  I  have  preserved  the  specimen,  though  a  bad 
one. 

This  was  all  that  I  could  ascertain  of  the  local  geology  of  Thai :  the  high 
mountains  beyond  the  Kurram  were  too  far  off  to  form  a  close  guess  as  to  their 
composition.  In  the  river  and  in  the  terrace  above  it,  the  travelled  boulders 
and  pebbles,  loose  or  cemented  into  conglomerate,  present  a  great  variety  of  rocks, 
amongst  which  the  only  ones  I  could  identify  with  those  of  the  Indus  deposits 
were  a  dark  fine-grained  syenitic  gneiss  and  a  well-known  variety  of  white  quartsite 
covered  with  conchoidal  markings  like  gastropod  sections,  which  occurs  in  situ 
among  the  Tanol  rocks  of  Hazira.  Others  include  varieties  of  gneiss,  coarse  and 
fine,  micaceous  schists,  altered  earthy  and  silicious  rocks,  red  jasper,  white  and 
brown  quartzite,  purple  quartzite,  gray  .sandstone,  gray  and  purple  ferruginous 
limestone,  dark  homblendic  trap,  white  eurite,  white  semi-crystalline  marble,  red 
quartzite^  many  limestones,  but  none,  that  I  observed,  of  slate.  These  may  all 
be  found  hereafter  on  the  flanks  of  the  Sufed  Roh. 

Conclusion. — The  route  from  Kush^lgarh  to  Thai  shows  a  considerable 
change  in  the  upper  nummulitic  zone  compared  with  its  eastern  sections  as  far 
as  the  river  Jhelum.  Near  Murree  this  zone  has  an  apparent  thickness  of 
some  6,000  feet,  and  is  most  largely  composed  of  clays  and  sandstones  frequently 
of  red  or  reddish   colours  with  subordinate  bands   of  coarse  fossiliferous  (num- 

*  A  nummnlitic  limestone  patch  in   Wasiri  land,  north  of  Bann,  shown  on  the  sketch  map, 
KecordB,  Vol.  X,  p  107,  has  been  a  good  deal  misplaced  to  the  westward  of  its  real  situation. 
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malitic)    sandatone,  or  of  marly  or  pure  limestone,  and  one  prominent  dark 
limestone  band  700  feet  thick. 

In  the  B&walpindi  plateau  the  zone  is  greatly  disturbed,  has  apparently 
a  less  thickness,  up  to  1,500  or  2,000  feet,  and  comprises  a  few  alternations  of 
highly  fossiliferous,  marly  and  other  nummulitic  limestones,  with  red,  purple  and 
olive  clays,  Ac. 

Oypsum  and  petroleum  occur  along  this  part  of  the  sone,  chiefly  in  the  lower 
ground,  the  former  in  considerable  qtiantity ;  gypsum  also  is  met  with  in  red  rocks 
of  somewhat  Sub4thu  aspect,  their  relations  obscured  by  disturbance,  among  the 
Mochipwri  mountains  north  of  Murree,  at  Dungagali,  &c* 

In  Bang^h  on  the  road  to  Thai  and  southwards,  these  Sub&thu  eocene  rocks 
oocupy  a  large  area,  one  part  of  their  section  alone  giving  an  estimated  thickness 
of  more  than  an  English  mile,  to  which  large  additions  should  be  made  for  the 
total  bulk  of  the  group,  not  less  perhaps  than  7,000  or  8,000  feet.  The  limestones 
here  occur  in  thick  zones  of  from  one  to  over  300  feet,  becoming  more  numerous 
northwards  in  the  Mirkhweli  region,  and  largely  made  up  of  beds  containing 
Alveolina  almost  exclusively.  Interstratifled  with  these  are  thicker  zones  of  roclra 
exactly  resembling  Murree  beds,  but  including  also  many  bands  of  olive  clay. 
The  gypsum  of  the  group  appears  here  in  the  salt  field,  and  on  its  borders,  but 
much  more  largely  developed  than  to  the  east. 

It  would  seem  that  the  zone  is  changing  again  to  the  westward,  the  lime- 
stones disappearing  in  a  great  measure,  and  a  mass  of  unusually  hard  sandstones 
with  marine  fossils  and  very  thick  greenish  or  gray  and  some  purple  clays  forming 
a  prominent  part  of  the  group  in  the  neighbourhood  of  Thai 

A  possible  break  at  the  top  of  the  Salt-range  nummulitic  limestone  has 
been  suggested  by  Mr.  Medlicott,^  partly  from  the  occurrence  of  a  band  of 
limestone  conglomerate  at  the  base  of  the  overlying  series.  The  presence  of  this 
detrital  rock  is  not  accompanied  by  any  visible  stratigraphic  discordance,  and  in 
the  section  on  the  flank  of  Kadimuk  north  of  Thai,  we  have  a  band  of  limestone 
conglomerate  interstratified  with  the  local  lower  part  of  the  Subdthu  beds. 
This  occurrence  is  perhaps  worth  noting  in  connexion  with  the  supposed  break, 
with  the  abnormal  northern  junction  of  this  SuMthu  zone  and  the  hill  limestones, 
with  the  appearance  of  a  transition  across  this  break  at  Clifton  (Murree),  and 
with  the  absence  of  any  unquestionable  representative  of  the  Subdthu  zone  north 
of  the  line  of  abnormal  junction,  so  far  as  is  yet  known,  nearer  than  the  distant 
deposits  on  the  Upper  Indus,  if  even  there. 

Nothing  has  been  found  in  this  countiy  antagonistic  to  views  I  have  pre- 
viously expressed  regarding  the  nummulitic  rocks  of  the  Punjab  (Records,  Vol. 
X,  p.  109,  etc.),  particularly  as  to  the  position  of  the  Subdthu  eocene  beds  above 
the  mass  of  the  eocene  hill  limestones'.  Still  some  approach  to  the  eocene  hill 
fimestone  character  among  these  rocks  has  been  observed  in  scarcity  of  fossils  and 
darkness  of  colour.  Perhaps  no  feature  is  more  prominent  in  the  structural 
geology  of  the  Punjab  than  'the  liability  of  its  rocks  to  horizontal  (lateral)  varia- 

1  H«nioirt,  Vol  III,  Pt.  2,  p.  91«  and  Records,  Vol  IX,  p.  67. 
>  Sw  note  2,  p.  ISO. 
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tion  in  thiokneBB  and  oliaraeter,-— to  obfieryation  qnitd  bome  oitit  by  this  western 
part  of  the  upper  nummnlitic  group. 

The  occurrence  of  igneous,  possibly  Tokanid,  rooks  in  the  Subdthu  tone  at 
Thai,  should  any  of  them  prove  oontemporaneous,  knd  should  thej  be  largely 
developed  to  .the  west,  may  introduoe  an  entirely  new  feature,  oomplioating  tiie 
relations  of  this  Subithu  group  to  the  neighbouring  tertiary  or  older  rocks  <^ 
that  part  of  Afghanistan. 

It  may  be  possible  that  some  of  the  Mirkhweli  Subdthu  limestones  extend 
into.the-  Uraktai  mountains,  the  strike  of  partd  of  these  lying  in  the  same  general 
direction  as  that  of  the  Bang^sh  hills ;  but  near  Hang^,  where  the  la^r  most 
nearly  approach  the  former,  a  sudden  difference  of  both  dip  and  strike  between 
the  two  sets  of  rocks  was  suggestiye  of  a  fault;  nor  were  the  interstratafied 
red  roeks  of  the  Mirkhweli  sections  seen  anywhere,  in  the  much-exposed  Urakaai 
escarpments.  Further  west  at  Thai  and  Darsamand,  where  spurs  from  the 
•northern  mountains  were  reached,  indications  of  fracture  dividing  tiie  Snbdthu 
,SEone  from  limestones  of  secondary  age  were  found  in  both  cases. 

Of  the  age  of  the  rocks  forming  these  northern  niiountains,  it  has  only  been 
possible  to  collect  some  evidence  of  the  presence  of  mesozoic  rocks.  The  great 
height  and'  bulk  of  the  mountains,  as  well  as  the  conspicuous  northerly  in<^na- 
tions  of  their  strata^  together  with  their  being  so  largely  composed  of  limestones, 
leave  ample  room  for  the  occurrence  of  all  the  eocene  and  mesozoic  groups  of  the 
northern  Punjab  ranges,  and  space  to  spare  for  paleeozoic  ones  besides ;  but  in 
none  of  the  streams  coming  fkom  them,  did  I  observe  any  fragments  or  foBsils 
proving  the  existence  of  palaeozoic  rocks  among  these  mountains. 

The  very  low  horizon  at  which  bones,  presumably  mammalian,  were  found 
south  of  Thai  is  not  incompatible  with  the  distribution  of  bone  beds  elsewhere  in 
the  Upper  Punjab,  these  occurring  even  among  the  nummnlitic  rocks  themselves. 
The  circumstance  may  also  be  connected  with  the  gradual  disappearance  in  a 
southerly  and  westerly  direction  of  nearly  the  whole  of  the  great  group  of  the 
lower  tertiary  mechanically  formed  beds,  the  absence  of  which  is  a  marked 
•feature  in  the  westerly  extension  of  the  Salt  Range,  trans-Indus. 


Further  notes  on  the  Geology  of  the  Upper  Punjab,  by  A.  B.  Wtnnb,  f.g.s., 

Geological  Survey  of  India, 

{Supplementary  to  those  in  Records,  Oeologieal  Survey,  vol,  X) 

Description  of  the  ground. — The  rugged  district  of  Haz&ra  stretches  i&r  into 
the  regions  of  the  Western  Himalaya  between  the  rivets  Indus  and  Kishenganga^ 
and  embraces  the  native  hill  states  of  Amb  and  Elaghdn  as  well  as  the  portion 
directly  under  British  rule.  Its  mountains,  being  parts  of  the  greater  ranges, 
present  a  somewhat  complex  assemblage  of  lofty  spurs,  rather  than  distinctly 
individual  chains. 

The  long  glen  of  Kagh&n  curves  to  the  eastward-by-north  between  great 
snowy  ridges.     Its  stream  is  the  Nainsilk,  or  Kunhar,  river,  which  enters  the 
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Jhefaim  below  Maza&rabad.  Between  the  nortb-westem  watershed  of  the 
KaghAn  yaUej  and  another  great  mountain  spur  from  the  northwards,  the  upper 
waters  of  the  local  river  Sirun  find  their  way  southwards  towards  the  Indus 
through  the  yalley  of  Bogurmang.  On  the  east  of  this  valley  is  the  lofty 
truncated  peak  csJled  Mtisa-ka  Masak  (i^e  praying  carpet  of  Moses),  13,378^, 
situated  in  the  border  country  of  ^e  hill-men  nominally  within  our  frontier; 
and  on  the  west  are  high  elevations  called  Palleja  Behisht  (Heaven)  and  Shaitdn- 
ka-gali  (the  devil's  neck  or  pass).  Further  west  the  Black  mountains  (scene  of 
late  frontier  warfare)  rise,  on  this  side  of  the  unknown,  or  at  least  unmappe<], 
portion  of  the  upper  Indus  channel. 

One  march  westward  of  the  lower  Nainsuk,  at  a  much  greater  elevation 
surrounded  by  still  higher  mountains,  is  tiie  fiat  lake-like  plain  on  the  course  of 
the  river  Sirun  forming  the  detritus-filled  valley  of  Pakli. 

Between  the  Pakli  valley  and  the  Indus  rises  the  mass  of  mountains  in  the 
state  of  Amb^  culminating  at  Bahingra  in  a  height  of  8,608  feet  above  sealeveL 

A  broad  cluster  of  hills  having  elevations  of  four,  five,  and  six  thousand  feet 
spreads  from  the  Sirun  to  the  valley  of  the  Dore ;  and  from  near  the  junction  of 
these  two  streams  the  most  isolated  ridge  in  the  whole  country,  that  of  Gandgarh, 
trends  in  a  south-westerly  direction,  rising  to  an  elevation  of  4^137  feet  between 
the  Haz4ra  plain  and  the  river  Indus. 

Again,  occupying  the  southern  side  of  the  district  is  another,  broader,  lofty 
tract,  presenting  endless  alternations  of  confiuent  ridge  and  valley,  with  a  marked 
north-east  south-west  strike.  This  elevated  tra^  rises  from  the  Nainstik 
torrent,  near  Ghari  Habibula^  and  with  altitudes  of  8,000  and  9,000  feet  overlooks 
that  river  and  the  Jbelum ;  then,  passing  between  the  stations  of  Murree  and 
Abbottabad,  it  gradually  becomes  less  elevated,  though  still  presenting  high 
summits  and  long  south-westerly  valleys,  till  it  leaves  the  district  as  a  part  of 
the  Mdrgalla  range,  near  the  grand  trunk  road  from  Biwalpindi  to  Hasan  AbdiL 
The  Indus  valley  is  a  de^  defile  amongst  themoontains,  where,  ooming  from 
the  north,  the  river  first  bounds  this  district^  then  passing  Derband,  Amb,  and 
SitULna,  its  valley  expands  to  a  width  of  about  two  miles  at  Torbela,  a  few  miles 
below  which  pla(^  it  opens  out  upon  the  plains  of  Chuch  and  Tusuf zai. 

All  over  southern  Haz&ra  the  more  or  less  north-east  south-west  ruai 
of  the  valleys,  streams,  and  ridges  coincides  generally  with  the  strike  of 
the  rocks.  In  central  Hazira,  disturbance  of  the  strike  would  appear  to 
have  produced  a  less  regular  structure  of  the  ground  as  to  depressions.  In 
the  Oandgarh  range,  this  ridge  is  itself  a  strike-feature,  and  the  mountain 
torrents  cross  the  bedding  of  the  rocks ;  while  in  northern  Hazira^  in  Agxor* 
Bogurmang  and  the  lower  part  of  the  Kagh4n  valley,  the  northerly  and  north- 
westerly run  of  the  rocks,  resulting  in  many  marked  features  of  the  ground, 
^>proximates  more  to  the  general  Himalayan  bearing  eastward  of  the  river 
Jhelum,  than  to  the  abruptly  deflected  south-westerly  strike  of  the  rocks  wes^ 
ward  of  the  same  river. 

Geological  structure. — I  have  already  given  some  account  of  the  outer 
Himalayan  series  in  Haz&ra  (Bee.  Oeol.  Surv.  Ind.,  vol.  X,  part  3) ;  but 
now  that  it  is  to  be  noticed  at  more  length,  it  will  be  well  to  subjoin  a  short 
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tabular  list  of  these  Hazdra  groups,  placed  as  far  as  possible  in  their  natural 
order  of  stratigraphical  succession  as  follows : — 


.12 

Cio 


Northern  detrital  drift. 
PLnsTOCiVB*  \  11    AlloTiiuii  and  river  drift 

10    Pott-tertiafj  Tallej  or  lake  deposits. 
9    Horree  beds,  sandstones  and  clays  transitional  with 


o  d  C 

M  3  <  /-   8    Upper  nammnlitic  beds,  limestones,  sandstones,  clays* 

^  ^  ^                         \  1  Hill  nnmmulitio  limestone  older  than  above. 

A  ^  /-  Cbbtaobous  6  Limestones  chiefly. 

n  8  <  JuBASBio    ...  6  Ditto,      black  shale  (Spiti)  and  dark  sandstones. 

vTsiAssic     ...  4  Limestones,  dolomites,  breccias,  shales,  Ac. 

B    /  P  8    Inf  ra-triassic  sandstones,  breccias,  &c.  )  o  ^ 

5    I  /I   same. 

N    I  ?  2    Tanol  series— Qnartaites,  sandstones,  dolomites^  Ac.    3 

O      m 

4  \{0h9erve :  2  and  3  may  ponibUf  or  probably  he  parts  qf  ome  yroup.) 

Q^  J            ?                1  Attock  slate  series :  Fine  slates  and  grits,  with  limestone  bands,  some- 

Ph  \  times  largely  developed. 

n  y                            B  Intrusive  traps,  in  Attock  slates  and  Tanols  also  in  metamorphic  rocks. 

o    [ 

(SJ    \  ?  A    Hazira  gneiss  and  the  most  crystalline  altered  beds. 

A.  Highly  crystalline  metamorphic  and  azoic  rocks, — It  will  be  observed  that 
I  have  given  these  rooks  a  separate  place  at  foot  of  the  list,  an  arrangement 
which  might  be  supposed  to  convey  the  idea  that  they  were  really  the  oldest 
part  of  the  series  ;  and  ander  ordinary  circnmstances  it  would  appear  easy  to 
consider  the  granitoid  gneiss  as  the  fnndamental  portion  of  the  whole.  The 
observations  made  in  the  field  have,  however,  shown  indications  of  the  presence 
of  the  singalar  Himalayan  phenomenon  of  highly  metamorphic  rocks  resting 
npon  others  possessing  far  less,  or  even  in  cases  little  or  no,  traces  of  having 
undergone  metamorphism.  Hence  it  is  necessary  to  avoid  hasty  conclusions ; 
for,  if  the  stratigraphical  superposition  to  be  described  really  represents  the  normal 
sequence,  the  inference  follows  that  among  these  metamorphic  rocks  a  portion  at 
least  may  be  representative  of  palasozoic  or  even  newer  groups. 

The  unaltered  rocks  lie  in  the  southern  part  of  the  district,  the  most  altered 
in  the  northern  region ;  but  in  passing  from  the  former  to  the  latter,  neither  a 
continuous,  nor  a  simply  interrupted  or  inverted,  descending  section  is  found. 
From  the  tertiary  beds  down  to  the  slates,  No.  1  (omitting  No.  2  as  doubts 
fully  present),  a  descending  series  may  be  observed,  with  two  breaks,  the 
lowest  of  which  is  prominently  marked.  From  these  slates  towards  the  Haztoi 
gneiss,  an  ascending  series,  differing  from  that  just  mentioned,  prevails; 
and  in  the  gneiss  region  itself  there  are  traces  of  interstratification  apparent^ 
the  position  and  inclination  of  the  bands  being  suggestive  of  these  altered  rocks 
occupying  a  high  place  in  the  northern  series.  The  sequence  could  be  accounted 
for  if  this  northern  series  cotdd  be  proved,  by  any  unconformable  contact,  older 
and  entirely  difEerent  from  the  southern  one ;  but  at  the  point  where  operations 
had  to  be  discontinued,  it  appeared  to  be  gradually  becoming  evident  that  the 
great  Tanol  group  of  the  northern  series  was  passing  laterally  into  the  infra* 
triassic  group  of  the  southern  and  Sirban  mountain  sections  (see  Mem.  GFeol. 
Surv.,  vol.  IX,  part  3:  Description  of  the  Geology  of  Sirban).  This  would 
assert  its  position  to  be  newer  or  higher  than  the  Attock  slates ;  while  its  upper 
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beds  pass  by  preyalence  of  metamorphism  into  the  transformed,  crystalline, 
northern  rocks  with  a  strongs  appearance  of  underlying  a  most  intensely  altered 
portion  of  these. 

The  observation  may  in  a  general  way  be  made,  that  the  metamorphism  of 
the  rocks  of  the  northern  part  of  the  district  exhibits  a  lateral  or  geographical 
rather  than  any  derelopment  coinciding  with  antiqnity  of  the  strata.  Inyersion, 
apparent  or  obecnre,  is  often  made  to  explain  the  difficulty  of  such  a  case,  but  the 
employment  of  this  supposition  may  have  a  limit ;  as  in  the  present  instance, 
where,  if  the  Tanol  and  infra-trias  groups  should  prove  iden^caJ,  or  even  in 
parallel  superposition,  physical  impossibility  would  be  involved. 


Vv      «•*!•, 


Metainorphic 

A  glance  at  the  accompanying  diagram  will  explain  this :  the  lower  portion 
of  the  Tanol  group  (A)  is  very  similar  to  the  general  aspect  of  the  infra-triassic 
group  (B),  and  as  I  have  observed,  they  seem  to  unite  in  the  Tandidni  mountains, 
eastward  of  Abbottabad.  But  th^  infrartriassic  group  (B)  rests  unconformably 
upon  the  Attock  slates,  and  its  basal  bed  is  a  conglomerate  largely  made  up  of 
fragments  of  this  slate  series.  Consequently  the  presumption  is  that  the  Tanol 
group  is  newer  than  the  Attock  slates,  and  not  part  of  an  inverted  series,  the 
oldest  portion  of  which  would  be  represented  by  the  metamorphic  rocks. 

It  is  unfortunate  that,  however  closely  the  groups  A  and  B  in  the  above 
diagram  may  be  united,  the  succession  upon  the  northern  side  of  the  crystalline 
area  (C)  is  unlikely  to  become  known,  owing  to  inaccessibility  of  the  countiy ; 
otherwise,  its  comparison  with  the  southern  extra-metamorphic  series  would  be 
in  all  probability  instructive. 

In  the  Pir  Panjil  region,  not  very  remote  from  Hasara,  an  opportunity  has 
occurred  of  studying  the  relations  of  both  sides  of  a  chain,  the  core  of  which 
is  also  formed  of  gneiss  similar  to,  if  not  identical  with,  that  of  Hae^ ;  and 
Mr.  Lydekker,  to  whose  research  we  are  indebted  for  the  information,  is  of 
opinion  that  a  clear  case  of  inversion  is  there  established,  and  the  series  on  each 
side  of  the  oxystalline  axis  is  the  same  (Bee.  Geol.  Surv.  Ind.,  vol.  XI,  p.  30). 
Comparing  that  region  with  this,  we  should  find  little  possibility  of  identifying 
the  flanking  series,  although  this  Pir  Panj^  chain,  between  Kashmir  and  the 
Punjab,  presents  an  assemblage  of  rocks  continuous  with  those  of  the  Kdjnig 
range,  north  of  the  Vedusta,  or  upper  Jhelum,  and  doubtless  continuous  in  a 
general  way  with  the  series  of  upper  Hazins  perhaps,  however,  beyond  the 
limits  occupied  by  the  Tanol  and  immediately  associated  type  of  rocks. 

The  Pir  Panjal  chain,  with  its  gneiss  and  slates,  Ac.,  is  considered  as 
belonging   to   the  Central  Himalayan  System   (Annl.   Eept.  Bee.  Geol.   Surv. 
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Ind.,  1878) ;  its  gneiss  is  recognised  as  re-appearing  in  the  £[ijnig  range 
(Lydekker,  h  c.)>  and  I  can  answer  t<3it  the  lithologicai  identity  between 
that  of  Hazdra  and  the  transported  masses  of  the  Kijnag  gneiss  scattered  along 
the  Yedusta  valley  on  the  Morree  route  into  Kashmir.  Still  X  am  qnite  unable 
to  identify  the  other  members  of  the  Haaara  series,  generally  or  in  detail,  with 
those  rocks  which  Mr.  Lydekker  has  found  displayed  along  the  Pir  Panj&l  range. 
To  show  the  contraat,  I  propose,  after  describing  the  local  series  here,  to  place  it 
and  that  of  the  country  to  the  east  (as  recorded)   in  parallel  columns. 

Ths  Hazdra  gneiss — ia  a  completely  crystalline  granitoid  rock,  of  whitish 
gray  colour,  composed  of  quartz,  felspar,  and  black  mica  (biotite),  white  mica 
(muscovite)  being  often  present  as  an  accessory ;  and  the  rock  is  rendered  por- 
phyritic  by  an  abundance  of  large  twin  crystals  of  pinkish  or  flesh-coloured 
orthoclase  measuring  from  two  to  eight  inches  in  height,  more  commonly  from 
three  to  four  inches  being  the  longest  dimensions.  These  lie  in  all  directions  in 
the  matrix,  sometimes  affecting  a  linear  arrangement,  which  may  mark  the 
former  lines  of  now  obliterated  stratification.  Schorl  is  locally  present,  and 
garnets  are  occafiionally  seen,  both  as  rather  unfrequent  accessories.  Separate 
bands  or  veins  of  rock  crystal  or  opaque  quartz  are  rare,  but  dykes  of  easily 
decomposing  trap,  apparently  greenstone,  are  not  unusual. 

I  have  often  sought  near  the  junction  of  the  ciystalline  rock  with  the  adjacent 
schists  for  evidence  as  to  its  being  intrusive  or  otherwise ;  and  in  some  directions 
I  have  found  what  appeared  to  be  distinct  dykes  or  veins  among  the  schistose 
rocks ;  but  contrasting  with .  these,  and  sometimes  in  contiguous  localities,  the 
schists  exhibited  a  gradual  transition  towards  the  main  granitoid  mass  by  reason 
of  great  intensity  of  metamorphism,  the  region  of  actual  contact  being,  however, 
defined  within  rather  narrow  limits. 

For  instance,  on  the  southern  ascent  of  the  Susul  Gali  pass  into  Agror,  I 
found  masses  of  the  adjoining  schists  included  in  the  crystalline  gneiss,  pre- 
senting many  gradations  of  alteration ;  and  although  the  stratification  was  still 
discemable,  parts  were  as  crystalline  as  the  adjacent  gneiss,  enclosing  the  same 
large  felspar  crystals,  and  other  parts  had  assumed  the  form  of  a  gneiss  of  much 
finer  grain  than  that  of  the  main  mass. 

In  other  cases,  as  near  Mansahra,  detached  masses  of  the  schistose  rocks 
were  found  entangled  and  enveloped  amidst  the  gneiss  without  exhibiting  this 
extreme  amount  of  alteration,  not  being  indeed  more  altered  than  the  rest  of  the 
adjacent  schistose  beds.  The  country  generally  is  one  in  which  a  wide  or  distant 
view  often  shows  more  of  the  broad  structural  relations  than  is  ga<^ered  from  close 
inspection  of  details ;  whilst  in  places,  nothing  is  open  to  immediate  view  except 
small  features,  the  continuity  of  which  cannot  be  observed  or  relied  upon,  yet 
the  facts  concerning  which  must  take  their  own  place  in  forming  conclusions. 
Thus,  with  regard  to  the  gneiss,  few  traces  of  stratification  are  to  be  found  in 
minute  detail,  though  the  outline  of  one  of  its  principal  masses,  the  Bahingra 
mountain,  presents  the  normal  Himalayan  feature  (common  among  the  stratified 
groups)  of  a  steep  outcrop  slope  towards  the  plains,  and  a  long  gentle  declivity 
towards  the  mountains  of  the  interior.  Coinciding  with  this  form,  and  lying  as  if 
in  alternately   bedded  masses,  are  groups  of  well  stmtified  quartzites  and  stfaists, 
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flomeimes  cropping  oat  alomg  iihe  wliole  of  one  side  of  »  spur  the  opposite  dop^ 
of  whiclt  presentB  a  sheet  of  the  gneias  for  many  miles^ 

The  whole  afipact  of  the  gi^iflsib  or  granitoid  region,  so  far  86  visi^ted,  giyes 
the  impression  that  an  extensiye  series  of  mecha&ioally  formed  detrital  rocks 
has  nndergane  trasmformation,  the  metamorphism  being  locally  intense,  and  its 
eztremie  resnHs  expressed  by  a  Teiy  abrupt  transition  frcna  highly  altereid  schists 
uito  gneiss  itself. 

Len  highiy  altered,  aa&ic  racka.^-^The  schists  and  qnartsites  adjacent  to  the 
gneiflsio  area  are,  as  a  general  mle,  distincUy  stratified ;  and,  no  matter  in  what 
direotion.  inclined,  they  almost  invariably  dip  towards  0zpOsnres  of  the  gneiss. 
They  present  i^e  somewhat  peculiar  feature  that  they  occupy,  so  far  as)  yet 
traced,  the  deepest  valleys,  such  as  those  of  the  STainstUc,  Sir^n,  aoid  Iqdos ;  this 
feature,  together  with  their  dip,  intensifying  the  appear$cnOe.  which  they  present 
of  underlying  the  gneiss.  ^ 

The  metamorphism  of  these  roeks  bears  a  more  or  IdSs  constant  relation  of 
place  to  iJie  margin  of  the  gnaissic  tract,  though  it  possess^  no  definite  outer 
faoimdary.  It  appeani  on  the  left  (Has&ra)  bank  oi  the  I^dus  to  travel  across 
the  stratification  of  beds  that  are  less  altered  further  away  ^pon  the  same  strike 
as  though  it  were  an  effect  related  to  the  presence  of  the  gnei/Bs  among  the  Buneyr 
hills  in  the  wildtzact.beyond^thftt  liver  $  or  it  might  be  pwh^ps  jnf erred  that  the 
altered  rocks  here,  lying  lower  than  some  in  ^e  neighbouring  country,  indicates 
the  presence  of  plutonic  ones  at  a  depth,  betteath  this  region  no.  greater  than  4^ 
distance  within  which  the'  rotks  at  the  siifffaee  newest  to.the  gi^eiss  hme  been 
most  metamdrphosed. 

Tlie  altered  rodcs  inithis  situation  coiMSfflt  chiefiy  of  various  talqos^  or  mica*- 
ceous  schists,  sometimes  slaiy,  sometiml^'  even  conglosaeratic  from  the  presence 
of  white  qnaarta  or  quartsite  pebbles ;  tii^y  are  i^in^ly  calciareous,  but  sometimes 
contain  bands  of  compact  and  rusty-looking'  dolomite  or  magnesian  limestone. 

B,  Intru$itfeirape,'^lik  both  the  n^ore  and  the  less  crystalline  metsmorphic 
groups  (as  wen  as  in  the  Tanol  series),  ignisous  rocks  are  not  uncommonly  met 
^th  as  dykes  or  intrusions.  One  of  i^iese  3Qear  the  border  of  the  Amb  country, 
south  of  the  Bahingra  mountains,  is  of  considerable  sisse.  Generally  speaking, 
these  rooks  are  of  a  dark,  dense*  variQU)S)y  crystalline  greenstone,  seldom  por- 
phyritic  and  never  amygdaJoidal.  They  do  not  present  recognisable  signs  of 
having  partaken  of  the  metamoxphiinn  of  the  associated  beds^  but  they  are  fre- 
quently weathered  to  an  extreme  dsgree>  this  condition  perhaps  having  some 
connexion  with  their  positipn. 

1. — Aitock  slakB :  {Aj^oio)* — The  general  appearance  of  this  group  has  been 
already  moar^  thin  once  described.  It  consists  of  various  dark,  olive,  black  or 
brewnish  fine  ec^rthy  slates,  sometimes  with  purple  bands  and  occasionally  inter- 
stratified  with  grdenisli  fine-grained  sandstones.  JBands  of  compact,  waved,  pale 
and  dark  gr«y  or  rusiy-bix>wnish  Limestone  are  locally  numerous ;  though  com- 
paratively rare  in  some  localiti^,  in  othersi  as  in  the  Gandgarh  range,  they 
assume  an  enormous  development. 

Here  too  these  limestones  include  foxipng  thdr  upper  layers  a  band  or  bands 
of  oompaot  white  or  greenish  semi-translueent  waxy-looking  thin-bedded  marblei 
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2.  Tatiol  group:  (Azoic). — ^Lying  between  the  Attock  slate  region  and  Ae 
metamorphic  area  is  a  great  gronp  of  rocks,  the  existence  of  which  was  nnknown 
nntil  the  past  season,  and  the  analognes  of  which  I  am  nnable  to  disoover 
among  the  recorded  sections  of  Kashmir  and  the  Pir  Fanj&l.  I  have  caOed  these 
rocks  fbr  sake  of  distinction  fitie  *^  Tan6r'  gronp,  from  the  ancient  nttn^  of  the 
country  they  occupy. 

These  beds  are  always  associated  with  the  schists  of  the  northern  series, 
and  they  appear  to  pass  both  into  and  underneath  a  considerable  section  of  these 
schistose  rocks.  They  comprise  an  enormous  thickness  of  gray  oi*  drab  quarttf- 
ose  or  quartisite  rooks,  in  rapid  altemiition  with  dark  eari^y  bands,  flaggy, 
shaly  or  slightly  schistose.  Many  of  the  dark  intervening  bahda  remote  ^m  the 
gneiss  are  in  appearance  scarcely  altered,  and  have  much  ^e  look  oi  Indian 
Jurassic  plant  beds!  Others  of  the  alternating  layers  are  exceedin^y  fine, 
unctuous,  slaty  argillite,  sometimes  associated  with  conglomeratic  slates,  the 
pebbles  of  which,  ranging  up  to  the  size  of  goose  eggs,  are  usually  formed  of 
white  quartz  or  quartzite. 

The  quaraites  or  quartz  rocks  frequently  show  lines  of  oblique  lamination, 
or  other  Hnes  of  deposition ;  and  they  include  amongst  them  beds  of  almost  un- 
changed sandstone,  the  weathered  sur&M3es  of  which  have  the  small  warty  pro- 
tuberances such  as  are  frequently  observed  upon  certain  mesoeoic  sandstones  in 
the  peninsular  Indian  area. 

Some  of  theee  Tanol  rocks,  towards  the  apparently  upper  part  of  tke  group, 
are  of  a  clear  grayish  white  color,  soft  enough  to  mark  the  fingers  when  handled, 
and  with  these  the  slaty  rooks  of  paler  color  prevail.  The  soft  white  rock  is  not  cal- 
careous, nor  has  it  a  strongly  argillaceous  appearance ;  reduced  to  fine  p6wder  it  its 
but  slightly  soluble  in  acids,  even  when  boiled  for  a  considerable  time :  it  fuses  on 
thin  edges  to  a  white  glass,  aiid  in  powder  on  charcoal  to  a  somewhat  coherent  semi- 
faded  niassy  giving  no  alumina  reaction  wiih  nitrate  of  cobadt,  nor  any  distinct 
magnesia  color.  This  powder  fuses  with  effervescence  in  carbonate  of  soda»  but 
is  not  quite  fusible  in  borax.  The  odor  of  the  bead  givdn  with  reagents  was  not 
d^nite  enough  to  form  an  opinion  by*  The  specific  gravity  ot  the  pieces  examined 
was  about  2*78.  These  soft  white  beds,  though  retaining  iB^  good  deal  of  their 
detrital  aspect,  have  undergone  so  much  metamorphism  that  it  is  uncertain  what 
kind  of  sandstones  they  originally  were ;  and  yet  the  strata  amongst  which  they 
are  intercalated  do  not  seem  to  have  suffered  extreme  alteration. 

Occupying  synclinal  folds,  or  else  occurring  at  various  horizons,  in  the 
Tatiol  group  are  thick  zones  of  variously  colored  pseudo-brecciated,  silicious, 
cherty  or  compact  gray,  black,  and  buff  dolomitic' limestone,  with  which  are 
occasionally  assoisiated  intensely  black  graphitic  and  sulphurous  shales,  or  else 
purple  and  red  sandstones  and  slaty  bands. 

The  Tanol  group  extends  from  near  Mangli  (and  probably  further  east 
among  the  Tandi&ni  mountains)  by  Sherw&n  towarda'the  Indus,  passing  north  of 
the  Oandgarh  range.  Its  rdations  to  the  Attock  slates  on  which  it  seems  to  rest 
are  obscure,  the  junction  being  frequently  either  a  line  of  dislocation  or  concealed 
,  by  quartzose  debris ;  but  still  the  disposition  of  the  two  groups  in  Hm  neighbour- 
hood of  the  lower  Sirun  and  Dore  rivers  is  one  consistent  with  unconformity. 
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Trap  itxjks,  cliiefly  intrasive  and  perhaps  intrasively  interbedded,  arc  fotmd 
m  the  gronp,  mostly  among  the  more  metamorphosed  portions,  and  of  similar 
dense  crystalline  basic  kinds  to  those  of  the  altered  rocW. 

I  hare  not  been  able  to  detect  any  organic  i^mains  among  these  Tan6l 
rocks.  '^^ 

The  apparent  supeiposition  and  prohaUe  nnconfonnily  of  the  Tanol  npon 
the  Attock  slate  gionp,  aad  the  preaisiice  of  siHeidns  dolomiteB  and  red  sand- 
stones in  the  lower  part  of  the  fonner,  as  well  as  in  the  lower  part  of  the  infra- 
Trias  of  Sirban  mountain,  are  points  of  resemblance  which  would  indicate  a 
connexion  between  these  infra-triassio  beds  and  the  Tanols;  but  the  latter 
exhibit  a  thickness  enormously  greater  than  that  of  the  group  overlying  the 
slates  in  Sirban,  nor  has  the  distinct  evidence  of  conglomerate  formed  of  slate 
debris  been  found  at  the  base  of  the  Tanol  group,  neither  have  any  fos^iliferous 
limestones  or  other  beds  identifiable  with  the  Sirban  Trias  been  met  with. 
Notwithstanding  this,  on  tracing  the  Tanol  group  and  the  Sirban  beds  to 
the  north-east,  they  seem  to  unite  in  one  great  series  in  the  lofty  mountains 
near  Tandiilni,  sweeping  over  an  anticlinal  axis  near  the  camping  stage  of  Mangli 
or  ManghaL  The-  deoisjon  of  this  important  poiitt  must  be  reserved  until  the 
Tandiini  hills  can  be  examined. 

The  thickness  of  the  TanoLgroup  ei^Kided  ux  /U10  sections  from'  the  Mi&n- 
khiki  stream  northwards  oazi  scarcely  be  less  than  20,000  Jeety  up  to.  the  piaee 
where  they  pass  into  the  metamorphio  rooks.  Fossibfy  some  part  of  this  tfaiok- 
ness  may  be  repainted  ;  in  so  disturbcfd  ft  region  )k  is  difficult  to  say  repetition  does 
not  occur,  but  general  appeairances  are  against  it.  Ntir  is  it  easy  to  aoooiuit 
for  the  absence  of  the  noesosoio  series  pf  th6  southern  hiUs unlessthey  may 
possibly  be  partly  represented  by  some  of  the  dJolttODdtic  s6neB^  or  else  mietamor- 
phosed  beyond  recognition.     (See  Sectunt  No,  4). 

Far  away  to  the  north,  in  the  Palleja  heights,  overhanging  Bogurmang, 
I  could  see  among  the  snows  a  basin-like  arrangement  of  stroiigly  bedded  rocks 
as  though  resting  unconformably  upon  the  metamorphios.  Of  these  the  oniy 
specimen  I  could  obtain  was  one  of  a  dark  dense  lijuastone.  Should  limestones 
prevaU,  and  the  shanrply  scoped  form  of  iJi6  olifEs  looked  as  ^  this  were  likely, 
the  meso2oic  series  may  in  part  be  represented  these,  or  perhaps  some  of  the 
Kashmir  carboniferous  or  other  groups.  ^  «v 

ThA  Southern  Bazdra  Series.- — Of  the  rooks  in  this  part  of  the  district  more 
was  already  known  than  of  those  to  the  tM}tth.  The  laBBestones  of  the  hilly 
tract  between  the  Attock  slates  and  the  Rawalpindi  upland  or  the  Murree  hills, 
present  an  extremely  confused^  contorted  and.fitalled  assemblage  of  mesoaoia  and 
eocene  strata,  an  epitome  of  which  is  afforded  by  the  instructive  sections  of  Sir- 
ban  mountain  described  in  the  memoir  already  (juoted.  The  main  features  of 
the  whole  tract  are,  a  large  development  of  the  triassie  and  of  the  great  hill- 
nummulitic  limestones,  the  disaj^ieaiwnce  westward  of  the  juxassic  (Spiti)  shales, 
and  their  place  being  taken  by  limestones  containing  TrigonioB,  amongst  whk^ 
T.  verUricosa  is  a  prominent  form,  together  with  some  poor  and  fragmentary 
Ammonites^  BelemniteSy  ChryphoBo^  and  small  brachiopods ;  also  the  disc^pearance 
of  the  infra-Trias  group  of  Sirban,  which  is  at  least  no  longer  recognisable  to 
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the  westward,  nor  has  the  cretaceous  band  there  obseryed  beenionnd  reappearing 
with  the  same  character,  if  at  all  elsewhere  in  this  district. 

For  fuller  detail  I  refer  the  reader  to  the  already  described  Sirban  sectiona 
(Mem.  Geol.  Snrv.  Ind.,  vol.  IX,  Art  3,  p,  331)  ;  but  to  convey  a  general  idea 
here,  I  abstract  the  table  of  succession  given  in  that  paper  at  p.  2,  vis.— 

6.    NtrxinrLino.— Thick  limefjtones  with  some  Bhales,  tomiU  m  places* 
6.    GsBXAOBOirs.— Thin-hedded  limesioncB  without  f  oMilfl  apparently'. 

Impure  fermginoos  sandy  Uuieatone,  weathariDg  roatf «^fo«nls. 
4.    JuBAseio.— Bl4ck  Spiti  shales. 

Uneonformity, 

8.    Tbubsio. — Thin-bedded  limestone  and  slaty  shales,  dolomite,  limestone ;  fiossiliferooa 

{M/i^alodon  and  other)  beds. 
2.    Below  thb  Tbub.— [Infra-Trias]  Hematite,  dolomite,  qoartnte,  sandstones  and  breccia. 

Marked   Unco»fl>rmiiy, 
1.    PiXJBOzoio  P.— Attock  slate. 

Of  these  groups  Uie  Attock  slates,  ascertained  from  larger  developments 
to  be  the  same  group  exposed  at  Attock,  have  been  already  described. 

The  infra-Trias,  however,  requires  a  few  words  of  description  in  order  to 
enable  a  comparison  to  be  formed  between  it  and  the  Tanol  group.  It  seemed 
to  show  a  triple  sub-division,  the  lower  one  consisting  chiefly  of  red  sandstones, 
red  shales,  and  red  quartzitic  dolomites,  underlying  another  sone  of  dolomites  of 
lighter  color  often  highly  silicious  and  of  very  considerable  thickness.  These 
words  would  apply  almost  equally  to  those  well  marked  red  and  lighter  colored 
dolomitic  zones  of  the  lower,  but  not  lowest,  part  of  i&e  Tanol  group.  The 
sections  given  in  the  Sirban  memoir  may  be  compared  with  that  crossing  the 
Tanol  group,  No.  4,  appended  to  this  paper. 

The  third  sub-division,  composed  of  h»matitic  rocks,  quartz  breccias,  sand- 
stones and  shales,  seems  lees  capable  of  recognition  to  the  north  ;  but  it  might  be 
there  subordinate  either  from  lateral  change  or  blending  with  the  dolomitic  zones. 

4.  IVtoMie.— In  this  group  the  further  examination  of  Haz&ra  has  rovealed 
the  existence  of  a  great  development  of  limestones  with  some  shales.  Many 
ot  the  former  show  f eaturos  characteristic  of  the  Sirban  exposure,  yet  aro  most 
frequently  without  the  arrangement  into  moro  or  less  defined,  though  sometimes 
obscurely,  fossiliferons  zones.  Owing  to  this  local  character  the  exact  lines  of 
the  Sirban  section  have  not  been  traceable  amid  the  larger  and  thicker  exposures 
elsewhero.  Although  the  most  characteristic  featnro, — ^the  presence  of  numbers  of 
impacted  Dioerocardiaj  sometimes  accompanied  by  shells  of  the  Megalodon^ 
visible  in  section  only,— -has  been  observed  in  one  or  two  localities ;  the  point  of 
itself  is  insufficient  to  establish  actual  identity  of  these  fossiliferons  beds,  but 
decisive  as  to  the  general  age.  Outlines  of  these  fossils  from  the  Sirban  rocks 
aro  figured  at  page  8  (338)  of  the  Sirban  paper,  I.  c 

Other  fossils  among  the  triassic  beds  generally  aro  so  few,  so  fragmentary, 
and  so  raroly   met  with,  that  it  is  often  doubtful  whether  the  beds  aro  roally 
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kiassic  or  jnrasdc,  nothing  being  left  foi*  gtddanoe  bat  the  not  very  definite 
point  of  lithcdogical  ohaaraoter. 

The  thicknesa  of  these  rocks  in  the  neighbourhood  of  Khdnpur,  however 
diifienlt  to  fix  on  aceotmt  of  plications,  can  scaroelj  be  estimated  at  less  than 
3,000  or  4,000  feet,  perhaps  more  than  doable  the  amount  of  the  triassic  series  of 
Sirban,  where  the  best  exposed  sections  idiow  the  formation  •  sheeting'  the 
Doiihem  side  of  the  moantain,  with  inclinations  of  less  than  35%  orer  a  slope 
a  mile  and  a  half  long  with  a  rise  of  2,000  feet.  This  being  taken  as  the  basis 
of  calcnlation  affords  the  inference  that  the  Sirban  trias  formation  may  have 
a  total  thickness  of  betwiaen  1,500  and  2,000  feet. 

The  distribntion  of  the  formation  as  far  as  traced  is  shown  npon  the  sketch 
map  annexed ;  it  seems  to  have  safEered  extensive  inversion  near  Bagnotar 
on  the  Morree  and  Abbottabad  road. 

5.  Jurcusic. — The  jorassic  rocks  of  the  soathem  region  of  Hazira  are  very 
subordinate,  as  to  extent  or  thickness,  to  the  nnderlying  g^ap.  They  are^ 
however,  traceable  by  nomeroos  complicated  exposures  among  the  disturb- 
ances 8o  prevalent  in  these  hills.  They  appear  amongst  masses  of  nammolitic 
beds,  at  Shah  Elabol  sommit^  in  the  Kh&npar  country,  as  a  rusty  group  of 
earthy  limestone,  shales  of  dark  and  light  color,  and  occasional  sandstone  bands, 
identified  by  Dr.  Stoliczka  as  similar  to  his  GKeumal  sandstone  of  other  Himalayan 
regions.  Similar  rocks  reappear  near  Garm  Thun ;  and  they  are  met  again,  though 
scarcely  ever  with  exactly  the  same  character,  edging  the  southern  frontage  of 
the  Hirgalla  range,  and  in  the  interior  of  the  mass  of  hills  crossed  by  the  old 
bridle  track  from  Murree,  vid  Mfiri,  to  Abbottabad. 

In  the  higher  hills  the  Jurassic  formation  indades  in  places'a  well-developed 
zone  or  zones  of  black  Spiti  shale,  containing  fossils  characteristic  of  that  gronp 
in  Spiti,  but  both  these  shales  and  their  fossils  appear  to  be  entirely  wanting  to  the 
west^  where  a  band  almost  made  up  of  ill-preserved  Trigonia  ventrtcosa  (not  found 
in  the  higher  hills)  appears  towards  Shaladitta,  associated  with  layers  contain- 
ing AmmcniteSf  OrypJuBOy  and  Belemnites,  But  it  is  not  clear  whether  these  fossiH- 
ferons  beds  to  the  west  are  newer  or  older  than  the  Spiti  shales,  *  the  groups  never 
having  been  found  in  contact  or  in  the  same  section ;  and  the  relation  in  both 
cases  to  the  succeeding  eocene  rocks,  so  &r  as  can  be  made  out,  being  that  cl 
oonfonnity. 

The  whole  formation  seldom  exceeds  a  few  hundred  feet  at  most ;  but  where 
its  lowest  limits  may  be,  among  limestone  masses,  part  of  which  are  at  least 
triassic,  though  the  apxrar  portion  may  be  newer,  it  is  impossible  to  say  without 
better  palaeontological  evidence  than  is  available,  and  without  the  reappearance 
of  the  Sirban  discordance. 

6.  Gretaeeofu.'^lihe  few  beds  referred  by  Dr.  Waagen  from  their  fossils  to 
this  formation  at  Sirban  are  the  only  established  case  of  its  occurrence  among 
these  hills.     In  many  places,   however,   there  intervenes  between   the  known 

*  Tlieie  western  foMilifeitms  jnraftsio  rocks  are  stated  in  the  lately  publlahed  Manual  of  the 
Otology  of  Indift,  p.  608,  to  "  appear  to  be  a  continuation  of  the  Oienmal  sandstone.^  So  &r  as  I 
Am  aware,  there  are  no  sniBcient  gronnds  for  the  assertion  as  yet  discovered* 
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Jurassic  and  Jl^  nuTnwnljtfi-laeftripjg  linieatoQesy  a  mass  of  light  or  dark-oolore4 
limestones  without  fossils,  which  perhaps  belongs  to  the  Qrcrt^^seous  period.  ,  . 

The  fragmentary  Amnumiies  found  in  a  limestone  rib  soijithward  of  Huveli- 
jan  (see  ante  p.  121}  on  the  opposite^  side  of  the  Dore  ralley  ^om  the  cretaoeoua 
band  of  Sirbau,  occurred  in  limeBtoneB  with  somewhat  the  aspect  of  those  of 
the  cretaceous  ;5one ;  bat  it  is  npt  ^^exk  known  whether  the  specimen^  can  be 
determined,  , 

7.  Nvmmulitic, — The  numix^ulitic  eocene  limestones  of-  these  hills  presents 
no  peculiarity  beyond  tho  geueifJ  features  described  in  former  papers  (Bec^ 
Geol.  Surv.  Ind.,  vol.  VI,  pt.  3,  vpl.  VII,  pt.  2,  vol.  X,  pt.  3  ;  Q.  Jnl.  GteoL  Soc.r 
London,  vol.  .XXX,  p,  61,  vol.  XXXIV,  p.  347). 

It  occurs  Yery  eztei^ively,  yet. its  thickness,  which  must  be  very  great,  is 
difficult  to  determine  on  account  of  the  frequent  faults  and  the  diBtfirbanoe  of 
the  beds.  One  section  from  Murree  northwards  would  indicate  a  greater 
thickness  than  2,700  feet  for  what  is  but  a  part  of  the  series ;  and  from  3,000  to 
5,000  feet  may  be  a  probable,  though  necessarily  a  very  conjectural,  estimate  for 
the  whole. 

These  dark  gray  eocene  limestenes  of  the  outer  Himalayan  region,  aItemat-> 
ing  frequently  in  some  places  with  olive  shales  which  are  almost  entirely  absent 
in  others,  and  containing  sometimes  an  abundance  of  small  Foraminifcra,  some* 
times  scarcely  a  fossil  distinguishable  with  a  lens,  are  in  a  manner  peculiar 
to  the  northern  regions  of  the  Punjab,  as  has  been  already  pointed  out  (I,  c, 
above).  There  seems  to  be  a  possibility  that  in  the  higher  portion  of  the  hills, 
traversed  by  the  upper  Abbottabad  and  Murree  road,  the  group  includes  in  its 
lower  part  dark  red  and  blackish  gypseous  shales  and  sandstenes  of  the  aapect 
of  those  found  in  the  base  of  the  succeeding  tertiary  sandstene  series,  but  the 
point  is  obscure.  There  is  also  a  couBiderable  appearance  of  transition  from  the 
upper  or  outermost  beds  of  the  Hazdra  hill-nummulitic  rocks  inte  the  upper 
nummulitic  zone  near  Murree,  which  is  transitional  with  the  lower  tertiary  sand-, 
stenes  and  clays  just  mentioned.  The  apparent  passage  is  deducible  from  the 
arrangement  of  the  rocks  in  the  region  of  the  abnormal  contact  between  the  Hill 
limestones  and  outer  tertiary  zone,  and  therefore  less  trustworthy  than  it  might 
be ;  still  such  appearances,  even  in  disturbed  localities,  should  not  be  overlooked 
(see  Section  No.  5  annexed) . 

The  upper  nummulitic  beds  of  this  district,  scarcely  appear  within  the  hilly 
tract  from  Mochpura  mountains  westward  in  other  than  doubtful  exposures. 
Some  of  its  beds  are  faulted  inte  junction  with  the  hill-nummulitic  and  Jurassic 
rocks  between  Shaladitta  and  Garm  Thun,  on  the  road  from  Rawalpindi  to 
Khdnpur ;  and  the  faulted  mass  of  red  rocks  with  g3rpsum,  in  the  Haro  KaB 
below  Dungagali  (north  of  Murree),  may  either  belong  to  this  group  or  be 
intercalated,  as  just  now  mentioned,  at  a  much  lower  position  with  the  eocene 
limestones. 

Another  more  extensive  exposure  of  red  argillaceous  and  arenaceous  rocksr 
was  met  ynth  this  season  capping  the  Lachikhun  mountain,  in  the  range  over- 
looking the  Nainatik  at  Ghari  Habibula  from  the  east.  Iiithologically  these- 
might  represent  a  variety  of  the  lower  tertaary  sandstones   (Murree  beds),   but 
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• 
have  8  birder,  more  slaiy  and  more  prominently  red  aspect.  They  are  intersected 
by  nnmerons  parallel  yeins  of  white  carbonate  of  lime,  which  is  one  of  the 
characteristic  appearances  of  the  Mnrree  beds  near  their  disturbed  junction 
with  the  hill  rocks.  There  are,  howeyer,  no  snch  masses  of  nnnmiulitic  and 
mesozoio  limestones  associated  with  these  beds  as  occur  farther  to  the  south-west. 
Ddomites,  limestones,  and  black  carbonaceous  or  graphitic  shales  appear  imme- 
diately beneath  them ;  but  these  beds  have  much  more  the  aspect  of  the  infra* 
^trias  or  Tanol  rocks  than  of  the  newer  limestones,  &c.,  and  none  of  them  contain 
fossils  BO  far  as  could  be  discoyered.  On  one  spur  of  the  mountain  near  Kulis 
village,  a  situation  which  would  indicate  an  inferior  position  to  the  red  beds, 
I  observed  numerous  shaken  angular  blocks  of  limestone  containing  NunvmuUtes, 
These,  although  they  could  not  be  pronounced  in  aUu^  did  not  appear  to  have 
been  far  removed  from  their  original  place,  and  they  woTild  indicate  an  extension 
in  this  direction  of  the  Hasira  eocene  formation. 

The  whole  <^  the  red  series  and  associated  beds  on  this  range  appear  to 
rest  unconformably  upon  the  metamorphic  schists,  of  which  the  lower  half  of 
the  mountain  mass  is  entirely  composed ;  but  no  dean  sections  could  be  observed, 
and  snow  concealed  much  of  the  higher  ground. 

A  small  vein  of  galena  among  the  schists  in  the  Kakal  ravine,  not  &r  from 
Eulis,  is  only  worth  mentioning  to  state  that  the  quantity  is  ^o  very  small  as  to 
be  economically  worthless,  so  far  as  this  one  vein  is  concerned,  and  unless  others 
of  much  larger  proportions  are  eonoealed  in  the  vicinity.  On  examination  at 
Calcutta  specimens  of  the  ore  were  found  to  be  argentiferous,  as  is  veiy  com- 
monly the  case. 

Before  noticing  the  more  superficial  and  less  important  deposits,  it  may  be  use^ 
fnl  to  glance  at  the  comparative  aspect  of  the  two  great  series  of  rocks— ^ose  of 
the  Himalayan  system  in  Kashmir  and  those  of  the  Haz^Lra  region,  still  further  west. 
In  order  to  present  the  state  of  the  case  as  definitely  as  possible,  I  have  taken 
the  Kashmir  series  from  Mr.  Lydekker's  papers,  and  plaeed  it  side  by  side  with 
that  of  Hazira  in  a  tabular  form  (annexed). 

Commencing  with  the  older  rocks,  it  will  be  observed  from  what  I  have 
already  stated,  that  the  first  discrepancy  to  be  met  with  is  in  the  position  of  the 
gneiss  of  the  two  regions.  Mr.  Lydekker  refers  to  two  kinds  of  Himalayan 
gneiss,  but  considers  that  occupying  all  or  most  of  the  gneiss  areas  on  his  map  as 
of  one  kind,  except  perhaps  the  central  portion  of  the  ZiLnsk&r  range,  (not  marked 
on  His  map,  (Records,  Vol.  XI,  p.  30)  but  forming  the  north-west  south-east 
watershed  north-^ast  of  and  above  Darwas).  This  great  expanse  of  identical 
gneiss,  presenting  the  same  relation  of  Ccmformity  and  transition  into  the  over- 
lying  silnrian  schists,  is  of  course  newer  than  the  ''central  gneiss"  of  pre- 
Silurian  age.  The  KAjntLg  ridge  belongs  to  the  Pfr  Fanj61  range,  and  its  gneiss 
is  at  least  lithologically  identical  with  that  of  Hazira.  But>  though  in  the  PIr 
Panjil  this  gneiss  forms  so  well  marked  a  base  to  the  stratigraphic  system  of  a 
widely-extended  area,  and  the  apparent  alternation  of  the  gneiss  with  quartzites 
and  schists  in  Hazira  affords  a  further  point  of  similarity,  its  general  situation 
with  regard  to  the  rest  of  the  Hazdra  series  conveys  no  appearance  of  its  being  a 
fundamental  rock  or  the  basal  member  of  the  stratified  series. 
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Mt.  lijrdekker  has  specially  pointed  ont  the  conf ormitj  of  this  Himalayan 
gneifla  to  the  overlying  silnrian  strata,  but  in  Haz&ra,  whether  the  contact  rocks 
may  be  correlated  with  his  Pfr  Panjil  and  Pii^  groups  or  not,  the  manner  of  their 
junction  as  described  above  (see  section  No.  4),  tiie  enclosure  of  detached  altered, 
and  more  h%hly  converted  metamorphio  schists,  within  the  gneiss,  also  the 
occuTrenoe  of  dyke-like  veins  of  gneiss  amongst  the  schists,  would  show,  that 
iiowerer  conformable  the  original  rocks  may  have  been,  this  relation  is  rendered 
m(He  than  obscure  by  the  intensity  of  the  metamorphism  they  have  undergone. 

Thus,  though  the  gneiss  of  the  two  regions  may  be  identical  in  hand  specimens, 
its  diversity  of  arrangement  in  the  two  districts  would  point  either  to  the  occur- 
ranoe  of  two  different  gneiss  formations,  or  else,  what  is  perhaps  more  probable, 
to  the  occurrence  of  two  distinct  modes  or  degrees  of  metamorphism  affecting  the 
rocks  within  its  range  differently  in  each  case,  coinciding  with  the  stratification 
in  one  case,  crossing  it  in  the  other. 

The  next  point  of  dissimilariiy  in  the  features  of  these  two  regions  is  in  con- 
nexion with  the  rocks  resting  immediately  upon  the  gneiss.  In  Hasira  there  are 
no  particular  zones  having  this  relation  as  yet  explored ;  still  the  schists,  dbc,  of 
Lachikhun  mountain  would  seem  to  be  a  continuous  portion  of  those  of  northern 
Kashmir,  and  may  yet  be  found  more  palpably  resting  upon  extensions  of  the 
Haeira  gneiss  than  hfis  hitherto  appeared. 

The  more  than  2,000  feet  of  blue  and  black  slates,  and  flaggy  slates  with 
Uue  and  fawn-colored  sandstones,  splintery  grayish  shales  aaid  locally  abundant 
limestones  of  the  P&ngi  series,  scarcely  find  a  counterpart  in  the  Attock  slates, 
though  the  general  description  more  nearly  resembles  these  than  any  other  portion 
of  the  Hazdra  groups.  But  the  Attock  slates  have  never  been  observed  passing 
iownwards  conformably  and  with  intercalation  into  metamorphic  rocks  with 
alternations  of  gneiss :  nor  have  they  been  known  to  contain  erratic  (t.e.  travelled) 
fragments  of  angular  and  waterwom  gneiss.  Hence  the  Attock  slates  do  not 
seem  to  represent  the  silnrian  of  the  Kashmir  sections ;  or  if,  notwithstanding, 
they  are  a  modified  extension  of  that  silurian  formation,  they  differ  in  not  being 
conformably  associated  with  the  gneiss. 

The  Panj41  series — of  black  and  green  slates,  sandstones,  amygdaloidal  rocks, 
hrown  sandstone  conglomerates  containing  pebbles  of  quartzite  and  slate,  whito 
quariadtes  and  sandstones,  and  below  aU  black  slates  with  pebbles  of  gneiss  and 
qnartzite,  granitoid  gneiss  with  bands  of  slate  and  quartzite, — seems  also  to  have 
no  closely  similar  group  among  the  Haz&ra  rocks.  The  gneiss  with  bands  of 
slate  and  quartzite  has  indeed  a  certain  resemblance  to  the  association  of  the  gneiss 
and  schists  of  this  country,  and  conglomeratic  beds  are  not  unknown  among  the 
metamorphic  schists;  but  the  whole  aspect  of  the  group,  despite  the  entire 
aheence  here  of  the  amygdaloidal  beds,  would  seem  to  possess  a  rough  similarity 
to  the  Tanol  group,  were  it  not  that  the  latter  contains  limestones  and  dolomites, 
uurecorded  in  the  Pan j 41  series,  and  it  has  not  the  relation  of  conformable  and 
transitional  superposition  upon  the  gneiss.  Another  difficulty  is  met  with  in 
seeking  for  the  analogues  of  the  Kashmir  carboniferous  beds  in  Haz4ra.  The 
general  diversity  of  the  sections  in  these  two  adjoining  areas  prepares  one  for  a 
difference  here  also,  and  I  am  unable  to  point  to  any  Hazllra  group  which  would 
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occupy  the  plAce  of  these  rooks  to  the  eastwaid,  or  which  lesemUes  closely  any 
oarbonif erons  ezposore  in  Kashmir,  as  described  by  others  or  seen  tiiere  by  mysdf. 
Ifr.  Lydekker  suggests  that  local  difierenoes  in  the  carboniferous  sections 
of  that  country  may  be  accounted  for  by  sapposixi^  separate  areas  of  deposition. 
If  the  differences  increase  towards  Hazirai  it  would  be  rash  to  say  the  formatioii 
is  as  wholly  nnrepreeented  as  it  appears  to  be ;  but  I  haye  never  found  a  trace  of 
any  of  the  fossils  of  this  group  such  as  I  have  met  with  both  in  the  Salt  Range 
and  in  Elashmir  regions.  One  unfoesiliferoBS  limestone  formation  may  so  closely 
resemble  another^  that  I  cannot  say  whether  the  massive  limestone  formation  of 

■ 

Gandgarh  may  not  present  some  identity  with  that  ol  the  Krol  group,  wkioh 
I  have  never  seen,  but  which  has  been  classed  with  the  carboniforous  beds  o€ 
Kashmir,  nor  yet  whether  it  is  similar  to  l^e  great  limestone  of  the  Jam!  inliers. 
The  slates  of  Haaira  certainly  have  a  less  shaly  look  than  those  of  the  carboni- 
ferous group  in  theLfdar  valley-EIashmir. 

The  occurrence  of  quartaites,  black  shates  (graphitio  or  carbonaceous)  with 
nodules  of  iron  ore,  and  limeetosies  in  both  the  Kiel  and  the  Tanol  groups 
might  indicate  some  identity,  but  though  dolomites  are  more  charaoteristio  of  both 
the  latter  series  and  of  the  infira>triassic  of  Haeira,  and  are  not  unc<mimon  in  the 
Salt  Range  carboniferous,  they  do  not  seem  to  be  strikingly  developed  in  the  Kiol 
group  of  Kashmir,  but  rather  to  be  the  prominent  fsature  of  its  tries  formation. 

The  triassic  rocks  of  Haa^  are  doubtless  the  same  as  some  of  those  in 
Kashmir;  and  to  judge  from  the  description  of  the  latter,  it  does  not  appear 
unlikely  that  the  beds  separated  in  the  Sirbaa  series  as  infra-trias  are  also  in- 
cluded with  the  Kashmir  formation. 

For  the  Jurassic  rocks  of  the  present  district,  I  find  no  equivalents  reoordod 
in  Kashmir ;  and  ^e  same  remark  applies  to  the  cretaceous  formation ;  though 
the  Spiti  shales  of  the  country  east  and  north  of  the  Kashmir  region  are  charao^ 
teristicaUy  displayed  in  Haa&ra,  with  several  of  their  fossils. 

The  hill  nnmmulitic  limestones  so  extensively  developed  in  Has&ra  are  not 
known  as  yet  to  exist  in  Kashmir,  where,  in  the  fringing  sone  of  limestones 
outwardly  flanking  the  Pir  Panj^  the  carboniferous  formation  takes  their  place 
in  the  general  structural  sequence.^  But  the  upper  nnmmulitic  sone  of  the 
exterior  of  the  Haa&ra  hills  is  identical  with  the  SablLthu  sone  as  determined  by 
Messrs.  Medlicott  and  Lydekker  in  the  Jamii  country  and  near  MuaafEarAbiid ; 
I  have  myself  found  it  on  the  east  side  of  the  Jh^um  north  of  the  junction  of 
the  Nains6k  with  that  river*. 

Frenn  this  brief  glance  at  the  want  of  uniformity  between  the  extensive 
geological  series  of  i^e  two  regions,  it  appears  to  foUow  tibit  considerable 
diversity  of  conditions  must  have  accompanied  their  formation.  In  regarding 
this  possibility  it  should  be  remembered  that,  though  the  infra- juiussic  uncon- 
formity, locally  seen  in  Hazira,  can  scarcely  be  declared  absent  in  Kashmir  till 

^  In  a  paper  and  map  in  Q.  Jl.  Geol.  Soc.  Lond.  Vol.  XXXIY,  p.  847>  etc.,  I  have  represented 
this  fringing  zone  as  mesozoic  as  originally  shown  in  Rec.  Oeol.  Sor.  Ind.,  Vol.  IX,  p.  156. 

•  A  difEerent  view  of  the  corrdatioii  of  the  nnmmnlitic  rooks  east  and  west  of  the  Jheliim 
haa  been  aaggested  (Ree.  Oeol.  Snrv*,  India*  IX,  p.  67),  whereby  the  lower  or  hilUmunmnlitie 
limeetone  ia  not  reguded  aa  lower  than  the  SnWitha  groap^  bat  a«  only  a  different  form  of  oon* 
temporaneons  deposits  (see  also  Mannal,  p.  666). 
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jnnsno  rocks  are  found,  there  is  no  record  in  the  Kashmir  sections  of  the  very 
complete  break  at  the  base  of  the  Infra-trias  gronp  in  Haz&ra.  The  slight 
and  broken  chain  of  similarities  between  the  series  commences  with  the  litholo- 
gical  identity  of  the  gneiss,  is  most  dereloped,  apparently,  in  the  trias  forma- 
tion, and  ends  with  Ihe  npper  nnmlnnHtic  tertiary  gronp,  or  the  far  more 
recent  Karewah  beds.  Excepting  perhaps  the  most  metamorphosed  rocks,  all 
the  others  present  more  of  disparity  than  nnity,  and  the  reason  for  this  might 
so  donbt  be  f onnd  if  the  early  history  of  the  western  Himalayan  rocks  and  ranges 
were  more  completely  known. 

Mr.  Medlicott  has  pointed  out  (Records  Vol.  IX,  pt.  2,  p.  51)  that  the 
eleyation  of  the  middle  Himalayan  area  to  the  eastward  of  this  country  dates 
from  early  or  middle  secondary  times,  and  that  disturbance  was  specially  displayed 
towards  the  dose  of  Ihe  eocene  period ;  bnt  that  from  this  early  secondary  date 
to  the  most  recent  (Siwalik)  tertiary  times  no  disturbance  took  place  in  the 
region  of  the  Jhelum,  that  is,  in  a  part  of  the  country  to  which  the  present 
remarks  refer.  The  later  observations  of  Mr.  Lydekker  on  the  carboniferous 
series  of  Kashmir,  indicating  separated  areas  of  deposition,  and  the  denudation 
of  the  Attock  slates  of  Haz&ra,  besides  the  evidence  afforded  by  the  fragments  of 
ancient  gneiss  in  the  Pangi  series  and  rolled  quartzite  pebbles  in  the  Tanol 
conglomerates,  all  these  would  seem  to  point  to  various  stages  of  disturbance 
and  repose  of  earlier  date  than  mesozoio  times,  in  the  western  Himalayan 
regions ;  the  absence  also  of .  two  of  the  mesozoic  formations,  so  far  as  dis- 
tinct records  go,  in  Kashmir,  together  with  that  of  the  great  eocene  hill-limestone 
80  largely  developed  in  Hazdra,  may  possibly  be  connected  with  distribution  of 
depositing  areas  consequent  upon  elevation  in  later  mesozoic  times.  Hence  the 
localization  of  the  central  Himalayan  disturbance,  with  regard  to  the  deposition 
of  the  later  tertiary  groups,  may  bear  limitation  to  the  early  eocene  period ;  and 
the  discordance  between  the  Hazdra  and  Kashmir  series  may  be  due  to  more  or 
less  local  or  intense  disturbances  of  these  mountain  regions  at  various  dates  from 
an  early  palfiDOzoic  to  the  most  recent  tertiary  or  even  post-tertiary  period,  if  the 
dip  of  the  Karewahs  is  attributable  to  elevation  along  the  Pir  Panjdl  range  or 
Btabsidence  on  the  opposite  side  of  the  Kashmir  valley. 

10.  FosUtertiary  deposits, — These  are  not  so  prominently  seen  in  Upper 
Bbzira,  as  in  the  lower  country  to  the  south-west,  but  the  Pakli  valley  and  the 
GEaz&ra  plain  are  filled  with  detrital  accumulations  which  may  be  referred  to  the 
older  kind  of  alluvial  formation.  There  are  also  semi-fan-like  accumulations  in 
the  neighbourhood  of  Abbottabad,  and  thence  towards  M&nsahra,  the  original  con- 
tinuous surfaces  of  which  have  long  since  been  deeply  cut  into  by  the  torrential 
streams  of  the  country,  indicating  a  considerable  age  for  these  fans. 

The  detrital  accumulations  of  Lower  Haz&ra,  and  the  Dore  river  are  largely 
formed  of  slate  debris  :  and  the  gneissic  or  syenitic  gravel,  found  further  west 
towards  the  Indus,  has  not  been  seen  beneath  these  deposits.  In  parts  of  the  Pakli 
plain,  however,  I  foxmd  a  limestone  drift  sometimes  cemented  by  carbonate  of 
lime,  which  appears  most  probably  to  have  come  from  the  southern  mesozoio  or 
eocene  hills,   as  it  was  met  with  on  that  side  of  the  plain. 

It  seems  to  me  very  probable  that  these  deposits  are  of  the  same  age  as  the 
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Elarewahs  of  E[aBhmir ;  but  I  would  not  on  that  aoDount  convey  the  idea  that 
they  were  of  Siwalik  or  even  of  tertiary  age. 

11.  Alluvium  and  river  cZepom^.-^The  alluTium  of  the  Dore  and  other  rivers  of 
Hazira,  in  low  Bituations,  is  of  light  drab  silt,  not  calling  for  particular  notice. 
Along  the  Indus  the  river  deposits  occur  for  considerable  spaces  in  the  form  of 
terraces,  rising  to  more  than  100  feet  above  the  river.  The  material  brought 
down  by  this  river  is  also  more  sandy  than  in  other  cases* 

A  good  example  of  the  fan-form  of  river  deposit  occurs  a  couple  of  miles 
north  of  Grarhi,  along  the  lower  part  of  a  mountain  torrent  from  the  Lachikun 
range.  The  outlines  of  similar  fans  were  also  seen  far  above  the  highest  point 
visited  on  the  Indus,  but  within  the  Amb  territory,  which  is  difficult  of  entry 
without  much  official  correspondence  with  the  poUtical  officers. 

12.  Northern  drift,— 1  use  this  term  instead  of  the  more  simple  one  ^'erratio 
drift,"  which  would  appear  to  convey  to  some  Indian  geologists  a  closer  connexion 
with  glacial  geology  than  is  necessary  to  the  purpose.  By  northern  drift  then 
is  here  meant  that  influx  of  travelled  masses,  which  hsus  followed  the  course  of  the 
Indus  from  the  north,  and  been  distributed  over  large  spaces  of  the  Rawalpindi 
plateau,  to  a  distance  (I  am  informed  by  Mr.  Theobald)  of  25  miles  from  the 
river.  These  blocks  are  easily  recognizable  all  along  the  Upper  Indus,  as  far  aa 
I  went,  to  be  the  same  as  those  further  down  its  course.  They  often  rest  on  tho 
terraces,  and  some  of  them  are  of  veiy  large  size.  They  are  even  more  numerous 
along  the  narrow  part  of  the  river  valley  than  in  the  lower  country.  This  drift  of 
foreign  or  transx>orted  blocks  has  penetrated  from  the  northwards  up  the  course  of 
the  Sirun  and  Dore  discharge,  as  far  as  the  point  where  their  united  valley  begins 
to  cut  across  the  end  of  the  Gandgarh  range ;  and  at  one  or  two  points  huge  boulders 
of  granite  or  granitic  gneiss  seem  once  to  have  almost  entirely  blocked  the  valley. 
One  of  these  boulders,  between  the  Turbela-Haripur  road  and  the  river  Sirun, 
composed  of  a  fine  grained  granitoid  rock,  not  the  Haz&ra  gneiss,  measured  22| 
feet  X  36  feet  X  24  feet^  and  has  a  girth  of  109  feet. 

The  boulders  are  scattered  over  a  considerable  space  eastward  of  this  stream, 
where  the  ground  is  lower  than  to  the  west,  and  there  is  a  regular  dnft  of  well- 
rounded  gneiss  blocks,  often  larger  than  paving  stones,  which  terminates  in  two 
high  mound-shaped  hillocks  at  the  upper  end  of  the  gorge  near  D&re  village. 
This  disposition  of  the  transported  materials  shows  that  many  of  them  may 
have  found  a  passage  through  this  opening,  and  floated  away  to  the  southward, 
if  rafted  by  ice,  at  a  time  when  the  Indus  ran  at  a  higher  level,  and  most  of  the 
lower  country  may  have  been  occupied  by  a  lake.  Some  large  limestone  blocks 
(from  what  group  derived  being  uncertain),  which  occur  near  Sult£npur  on  the 
Haripur — Hasan  Abdal  road,  may  be  connected  with  this  line  of  transport. 

One  remarkable  and  very  large  mass  of  the  triassic  or  supra-trias  limestone  of 
Sirban  rests  perched  at  about  4,300  feet  on  the  slate  hills  of  the  opposite  side  of 
the  valley  above  the  village  of  Sulhud.  It  is  from  25  to  35  feet  high,  and  127  paces 
in  circumference.  This  mass  seems  to  have  slipped  from  the  Sirban  mountain 
at  a  time  when  the  deep  valley  between  it  and  that  elevation  had  not  been  exca- 
vated, and  its  forcible  passage  northward  appears  to  have  somewhat  disturbed  the 
edges  of  the  slates  forming  the  surfape  beneathu    I  could  find  upon  it  no  traces  of 
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the  action  of  ioe,  nor  could  I  see  anj  remains  of  a  morame  in  the  vicinity. 
Indeed,  these  latter  evidences  of  glacial  agency  have  never  presented  themselves  to 
notice  in  any  part  of  Hazdra  I  have  as  yet  seen,  thongh  Mr.  Theobald  informs 
me  he  has  found  glacial  striae  on  one  of  the  large  fragments  of  qnartzite,  a  short 
way  below  Tnrbela.  Qnartzite  of  the  Tanol  gronp  occnrs  in  the  immediate 
locality,  but  it  would  be  next  to  impossible  to  identify  one  of  the  stream  blocks 
with  the  rock  of  the  vicinity,  or  to  prove  the  former  existence  of  a  glacier  at  the 
spot  from  the  existence  of  striation  nnder  snch  circumstances. 


DONATIONS  TO  THE  MUSEUM. 

1st  Jaituabt  to  31st  Mabch  1879. 

Donors, 
Native  gold  and  anriferons  qnartz  from  Wjnid  (9  specimens). 

CoLONBL  Thb  Hon'blb  Sie  Andbbw  Clakkb,  R.  E. 

Samples  of  Ltla  (cnpric  snlphate),  Kaats,  (ferric  sulphate),  and  PhUUri  (alum) 

from  the  £lhetri  Copper  Mines,  Bdjputina. 

CoL.  W.  H.  Bbtnok, 

PolUieal  Agmt,  Jaipur. 
Specimen  of  copper  ore  from  Manipur. 

Lieut.-Col.  J.  Johkstonb, 
.  •  Political  Agent, 

ADDITIONS  TO  THE  LIBRARY. 

From  1st  Jakuabt  to  318T  Mabch  1879. 

Titles  of  Boohs,  Donors. 

Abstracts  of  the  Reports  of  the  Surveys  and  of  other  Qeographical  Operations  in 

India  for  1876-77  (1878),  8vo,  London. 

Indu  Officb. 
Bbbtbanp,  B. — Note  sur  Tandalusite  du  Brazil  et  sur  les  roches  de  Siam  (1878), 

phlt.,  Paris. 

Thb  Author. 
Bbonn,  Db.  H.  G.— Die  Klassen  und  Ordnungen  des  Thier  Reichs,  Band  I,  II, 

III,  Abth.  1  and  2,  Band  V,  lief.  1-24,  VI,  Abth.  I,  Hef .  l-S^ 
Abth.  II,  Hef.  1-23,  Abth.  IV,  lief.  1-6,  Abth.  V,  Uef.   1-20 
(1869.78)  8vo,  Leipzig. 
Ghaxbbbs,  C. — The  Meteorology  of  the  Bombay  Presidency,  with  Atias  (1878), 

4to,  London. 

Thb  Sbcbbtabt  op  Statb  fob  Indu. 

Cotteau  AND  Tbiobb. — Echinides  du  D6partement  de  la  Sarthe,  -pp.  385-455  (1869), 

8vo,  Paris. 
Ethebidgb,  Rob. — A  catalogue  of  Australian  Fossils  (1878),  8vo,  Cambridge. 
/^TtTHkla  and  Magazine  of  Natural  History,   5th   Series,   Vol.  II,    No.  12,  and 

Vol.  Ill,  Nos.  13-14  (1878-79),  8vo,  London. 
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Titles  of  Books.  Donors. 

Geinitz,  Dr.  H.  B. — Djas  oder  die  2Sechsteiiiformati(m  und  daa  Boihliegende, 

Heft.  II  (1862),  4to,  Leipzig. 
Obben,  MiALL,  Thobpe,   Rdciusb,   Ain>  Marshall,  Pbofb. — Coal;  its  histoiy  and 

uBea  (1878),  8yo,  London. 
Haueb,  Fsa2iz,  Bittsb  yok. — Die  Geologie  and  ihre  Anwendnng  auf  die  Kenntnisa 

der  BodenberBchaffenJIieit  der  Osterr-Ungar-MoDArchie,  2nd 

edition  (1878)  8vo,  Wien. 
Heeb,  O. — Flora  fossilis  Arctica.  Band  V,  (1878)  4to,  Zuricli. 
Heim,  Albert. — Untersnchungen  Uber  den  MecbaniBmus  der  Qebirgsbildnng, 

Band  I  and  II,  with  Atlas  (1878),  4to,  Basel. 
LiDDELL,  H.  G.,  AND  ScoTT,  R. — A  Greek-English  Lexicon.  (1869),  4to,  Oxford. 
Ltman,  B.  S. — Report  on  the  2nd  year's  progress  of  ihe  Surrey  of  the  Oil  Lands 

of  Japan  (1878),  8vo,  Tokei. 

The  Author. 

MoJBisoviOB,  Edmund.— Die  Dolomit-RifFe  von  Siidtirol  nnd  Venetien,  heft  I-III 

(1878),  8vo,  Wien. 
Naumann,   C.   F.— Lehrbuch  der   Geognosie,  Vol.  Ill,   pts.  1-3  (1866-72),  8vo, 

Leipzig. 
BiBEiRO,   Carlos. — ^Noticia  de  Algnmas  Estacoes  e  Monnmentos     Prehistoricos 

Memoria  Apresentada  a  Academia  Real  das  Sciencias  de 

Lisboa  (1878),  4to,  Lisboa.  , 

Tbe  Author. 

Scientific  resnlts  of  the  second  Taikand  Mission,  based  upon  the  collections  and 

notes  of  the  late  Ferd.  Stoliczka. 
Geology  by  W.  T.  Blahford. 
Reptilia  and  Amphibia  by  W.  T.  Blakfobd. 
Mollnsca  by  G.  Netill. 
Nenroptera  by  R.  MgLachlan. 
Hymenoptera  by  F.  Smith. 
Ichthyology  by  F.  Day,  (1878),  4to,  Calcutta. 

Department  of  Revenue,  Agriculture  and  Commerce. 

Smith,  Dr.  Wm.  and  Hall,  T.  D. — A  copions  and  critical  English-Latin  and 

Latin-English  Dictionary  3rd  Edition  (1878),  8vO;  London. 
Tboschbl,  T.  H. — Das  Gebiss  der  Schnecken,  YoL  II,  lief.  5  (1878),  4to,  Berlin. 

PERIODICALS,  SERIALS,  Ac.    * 

American  Joomal  of  Science  and  Arts,  8rd  Series,  Vol.  XYI,  Ko.  95  (1878),  8vo, 

New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Chemie,  New  Series,  Vol.  V,  No.  4  and  VI,  Nos.   1-2 

(1878-79)  8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XIV,  livr.  6  (1878),  8vo,  Paris. 

L'Adminis.  des  Mines. 
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Tiilet  of  Books.  Donors. 

Archiv  fur  Naturgesclichte, tfottg.  XLIV,  heft.  4,  and  XLV,  beft.   1  (1878-79), 

8yo,  Berlin. 
AUiensanm,  Nos.  2668-2678  (1878-79)^  4U),  London. 
BeibRtter  zu  den  Annalen  der  Pbysik  und^Chemie,  Nos.  1-2  (1879),   8vo, 

Biblioiheqae  TTniyerselle  et  Bavne  Snisse,  New  Sieties,.  Vol.  LXIY,  Nos.  251-252 

(1878-79),  8vo,  Lausanne, 
„  „  Arcbiyes  des  Sciences  Pbysiqnes  et  Natnrelles,    New 

Series,  Vol.  LXIV,  Nos.  260-261,  (1878-79),  8yo,   Geneya. 
Cbemical  News,  Vol.  XXXVIII,  Nob.  994-1004  (1878-79),  4to,  London, 
CoUiery  Gnardian,  Vol.  XXXVI,  Nos.  937-947  (1878-79),  foL,  London. 
Oeograpbical  Magazine,  Vol,  V,  No.  12^1878),  royal  8yo,  London. 
Oeologioal  Magaaine,  New  Series,  Decade  II,  Vol.  V,  No.  12,  and  VI,  Nos.  1-2 

(1878^79,)  Syo,  London. 
Iron,  New  Series^  Vol.  XIII,  Nos.  312-319  (1879)  fol.,  London. 
Just,  Db,  Lvopoi^.— Botcoii^cber  Jahiesbericbie  Ja|irg.  IV,  Vft*  3   (1878),  8yo, 

Berlin. 
London,  iidinlnu^gb,  and  Dublin  Philpsopbical  Magazine  and  Jonmal  of  Science, 

6th  Series,  Vol.  VI,  Nos.  39-40,  and  Vol,  VH,  No.  41, 

(1878-79),  8yo,  London, 
Mining  Jonmal  with  Supplement,  Vol.  XLVHI,  Nos.  2269-2270  (1878-79),  fol., 

London. 
Monthly  Journal  of  Science,  3rd  Series,  Vol.  I,  No.  62  (1879),  8yo,  London. 
Natni«,  Vol.  XIX,  Nos.  476-486  (1878-79),  4to,   London. 
Neoea  Jahrbnoh  flir  Mineralogie,  G^Iogie  and  Paleontologie,   Jahrg.  1879,  beft. 

1-2  (1879),  8yo,  Stuttgart. 
PalflDontographica,  Band  XXV,  lief.  6,  and  Supplement  III,  lief.  I,  heft.  3,  and 

lief.  II,  heft.  2  (1678),  4to,  Gassel. 
Pal^ntologie  Fran^aise,  1st  Series,  Animaux  Inyertebr^s,   Terrain  Jurrassique, 

Liy.  40  (1878),  8yo,  Paris. 
PsTBEHAHN,  Db.  A.— -(Jeograpbische  Mittheilungen,   Band  XXtV,  No.   12,  and 

XXV,  Nos.  1.2  (1878-79),  4to,  Gotba. 

„  „         Supplement,  Band  LVI  (1878),  4to,  Gotba. 

Prof essional  papers  on  Indian  Engineering,  2nd  Series,  Vol.  VIII,  No.  31  (1879), 

8yo,  Boorkee. 

Thomasov  Collbqb  of  CiyiL  Enoinbbbino. 

Quarterly  Journal  of  Microscopical  Sdenoe,  Nos.  LXXII  and  LXXIII,  (1878-79) 

8yo,  I^ondon. 
Quarterly  Journal  of  Science,  No.  LXI  (1879),  8yo,  London. 
Beport  of  the  47tb  Meeting  of  the  British  Association  for  the  Adyanoement  of 

Science,  held  at  Plymouth    in   August    1877,  (1878),  8yo, 

London. 
Reports  of  the  Mining  Suryeyors  and  Registrars  for   quarter   ending  30th 

September  1878,  (1878),  flsoap.,  Melbourne. 
The  Geological  Record  for  1876,  (1878),  8yo,  London. 
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GOVERNMENT  SELECTIOITS,  Ac. 

Titles  of  Books,  Donors. 

Assam. — Report  on  th^  Administration  of  the  Province  of  Assam  for  1877-78 

(1878),  8vo,  Sliillong. 

Chief  Commissioheb  of  Assam. 

Htdebabad. — Report  on  the  Administration  of  the  Hyderabad  Assigned  Districts 

for  1877-78  (1878),  flscap.,  Hyderabad. 

Thb  Resident. 

"  * 

India.— Eliot,  J.— Report    on  the  Meteorology  of  India  in  1877.  (1879),  4to, 

Galoatta. 

Mbteoboloqical  Repobtbb. 

u        Report  on  the  Administration  of  the  Meieorological  Department  of  the 

Government  of  India  in  1877-78  (1878),  4to,  Calcutta. 

MfiTBOBDLO€ilGAL  RbPOBTSB* 

„         List  of  officers  in  the  Survey  Department  on  the  1st  October  1878 

(1878),  flscap.,  Calcutta 

Dei>t.  of.Reve.,  Aobic.  and  Commebcb. 

India.— Powlett,  Majob  P.  W.— Gazetteer  of  Ulwar,  (1878),  8vo,  London. 

FoBEiGK  Office. 

„         Report  on  the  Administration  of  the  Persian   Gulf  Political  Residency, 

(1878),.  8vQ>  Calcutta. 

FoBBiGN  Office. 

Mysobb.— Report  on  Public  Instruction  in  Mysore  for  1877-78  (1878),  flsoap«, 

Bangalore. 

Chibf  Commissioneb  of  Mtsob& 

•  •  ■  - 

„  Report  on  the  Administration  of  Mysore  for  1877-78  (1878),  flscap.. 

Bangalore. 

Chibf  Commissioneb  of  Mtsobb. 

Punjab, — Administration  Report  of  the  Punjab  and  its  dependencies  for  1877-78 

(1878),  8vo,  Lahore. 

The  Punjab  Govbbnment. 

„         Selections  from  the  Records  of  the   Gt>vemment  of  the  Punjab^  New 

Series,   No.  XV.     The   "Chos"  of  Hoshiarpur,  by  B.  H. 
Baden-Powell,  1879»  8vo,  Lahore. 

Thb  Punjab  Govbbnment. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 

Bbblin.— MonatsberiGht  der  konig.  Preuss.  Akad.  der  Wissensohaften  zu  Berlin, 

September,  October,  and  November  (1878),  8vo,  Berlin. 

The  AcADElMT. 

„        Zeitsohrift  der  Deutschen  Geologischen  Gesellschaft  Band  T^XX,    heft. 

4  (1878),  8vo,  BerHn. 

The  Socieit. 


PAET  2.]  Addilions  to  the  Library.  l37 

Titles  of  Boohs.  Donors. 

Beeslau. — Fortsetanmg  des  Verzeiclmisses  der  in  den  Schriften  der  Schlesischen, 

Gesellschaft  iQr  YaterlandiisclLe  ctdtnr  von  1864-76  (1878), 
8yo,  Breslan. 

Thb  Socmty, 

,y         Fiinfimdfiinfzigster  Jahres-Bericlit  der  Sohlesischen   Gesellschaft  fiir 

yaierl^dische  cnltur  1877  (1878),  8yo,  Breslan. 

The  Socibtt. 

Bbi;s8EI4S.— Annnaire  de  L'Acad6mie  Royale  dei^  Sciences  de  Belgique,   1877-78 

(1877.78),  8vo,  Broxelles. 

Thje  Acadbmt. 

,^        Bulletins  de  L'Aead^niie  Bojale  des  Sciences  de  Belgiqne,  2nd  Series, 

Vols.  XLI-XLV  (1876-78),  8vo,  BroxtiUes. 

The  Academy. 

• 

„      '  Bulletin  de  la  Soci^t^  Beige  de  G6ographie,   No.    6   (1878),  8vo, 

Broxelles. 

The  Socibtt. 

„        M^moizes  Gonramn^  et    Atttres  M^moires  pnbli^   par  TAcad^mie 

Royale  de  Belgiqne,  Vol.  XXVII-XXVIII  (1877-78),  8vo, 
Brnzelles. 

^HB  AOADBMY. 

„        M^moires  Gonronnte  et  M^moiree  des  Savante  Strangers  publics  par 

TAcad^mie  RojaJe  de  Belgiqne,   Vols.  XI  and  XLI  (1876 
and  1878),  4to,  Brnzelles. 

The  AcaI)emt. 

„        M^moiros  de  L'Acad^mie  Boyale  des   Sciences,  des  Lettres  et  des 

Beanz  Arts  de  Belgiqne,  Vol.  XLI{,  (1878),  4to,  BmzeUes. 

The  AcAPEMT. 
,,        Nahtjb,  A..--'Tables  de  Loganllunes  (1877),  8ro,  Broxelles. 

The  Acadeht. 

Calcutta.— Journal  of  the  Asiatic  Socieiy  of  Bengal,  New  Series,  Vol.  XL VII, 

Part  I,  No.  4  (1878),  8vo,  Cakmtta. 

The  Societt. 

„        Proceedings  of  tlie  Asiatic  Socieiy  of  Bengal,  No.  X,   December,  and 

No.  1,  January  (1878-79),  8vo,  Caloutta. 

The  Society. 
„        Memoirs  of  the  Geological  Sorvey  of  India,  Vol.  XIV  (1878),  8vo, 

Galcotta. 

The  Survey. 

„        Palffiontologia  Indica,   Series  IV,  3,  and  Series  XII,  1  (1879),  4to, 

Galcotta. 

The  Survey. 

„        Records  of  the  Geological  Sorvey  of  India>  Vol.  XII,  Part  1(1879), 

8vo,  Galcotta. 

The  SuBVEr. 
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Titles  of  Boohs.  Donors. 

GoPENHAQSN.^M^moiFea  da  L'Acad^mie  Boyale  de  Copenha^jen,  5th  Series,  Vol. 

XII.  N(X  3  (1878),  4to„  Copenliagen. 

The  Academy. 

BuBLUr. — Proceedings  of  the  Royal  Irish  Academy,  Series  II,  Vol.  III,.  No.  2, 

(1878X  9vo,  DubKB. 

ThB  ACADElfT. 

„        Tmnsactions  of  the  Royal  Irish  Academy,  Vol.  XXVI,  Science  No.  17. 

(1878),  4to,  DubUn. 

Thb  Academy. 

&BNBTA.^--M6noires  de  la  Soci^t6  de  Physique  et  d'Histoire  Natnrelle  de  Gen^TO, 

Vol.  XXV,    Part  2,  and    XXVI,  Part  1    (1878),    4to, 
Qanaya. 

The  Society. 

LAUSAiTNB.-^Bnlletin  de  la  Soci^i^  Vandoise  des  Sciences  19'atareBea^  Vol.  VII, 

No.  50  (1863),  8yo,  Lausanne. 

The  Society. 

LiioB.— 'Annales  de  la  SooiiM  O^ologiqoe  de  Brigiqiie,  Vol  IV,  (1877),  8vo, 

■  Liege. 

The  Societt. 

LoNDOK.-- Catalogue  of  the  Library  of  the  Museum  of  Practical  (Geology  and 

<}eold^tioal  Survey  (1878),  8to,  London. 

The  Museum. 

I,         Journal  o|  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 

Vol.  VIII,  No.  2,  November  (1878),  8vo,  London. 

„        Proceedings  of  the  Royal  Geographical  Society  and  Moniihly  Record 

of  Gfeography,  Vd.  I,  Nos.  1-2  (1879),  8vo,  London. 

„        Quarterly  Journal  of  the  Geological  Socieiy  of  London,  Vol.  XXXIV, 

PaHIV,  No.  136,  iriith  list  of  Fellows  for  1878|  (1878),  8vo, 

London. 

The  Societt. 

MADEID.—Boletin  de  lav  Sooiedad  G^graphica  de  Madrid,  ^cl.  IV,  No.  6^  and 

Vol.  V,  Nos.  2  to  4  (1878),  8vo,  Madrid. 

The  Society. 

Melboubnb. — Report  of  progress  by  the  Secretary  for  Mines,  No.  5  (1878), 

royal  8vo,  Melbourne. 

The  Sbcbbtabt  fob  Minbs. 

Nbw  Havbv.— Transactions  of  the  Connecticut  Academy  of    Arts  and  Sciences, 

Vol.  Ill,   Part  8,  and  Vol. .  IV,  Part  1  (1877-78),  Sro, 

New  Haven. 

The  Acapemt. 

Pabis  .-^Bulletin  de  la  Soci^  G^logique  de  France,  8rd  Series,  Vol.  VI,  No.  4 

(1878),  8vo,  Paris. 

The  Societt. 
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Titles  of  Books,  Donors. 

Philadelphia. — Journal  of  the   Franklin  Institute^  3rd  Series,  Vol.   LXXYI, 

No.  6,    and  Vol.    LXXVII,    Nob.    1-2    (1878-79),    8vo, 
Philadelphia. 

The  Institute. 

RoMB.-^Aiii  della  Beale  Accademia  del  Lincei,  Series  III,  Transnnti,  Vol.  Ill, 

Nos.  1-2  (1878-79),  4to,  Rome. 

The  Acaj)emt. 
„        BoUetiino  B.  Comitato  Geologico  d'ltalia,  Nos.  11-12  (1878),  8yo,  Borne. 

The  Gomhissiok. 

STDVBT.-^CLiiBES,   Beyd.   W.   B. — Bemarks  on  the  Sedimentary  FormationB  of 

New  South  Wales,  4ih  Edition  (1878),  8vo,  Sydney. 

BOTAL  SOCIBTT,  NeW  SoUTH  WaLBS. 

Stdhet. — Journal  and  Proceedings  of  the  Boyal  Society  of  New  Sonth  Wales, 

Vol.  XI,  1877  (1878),  8vo,  Sydney. 

The  Society. 


?> 


Bae,  JoHir. — Beport  on  the  constmction  and  working  of  the  Bailways 
of  New  Sonth  Wales  during  1876  (1877),  flscap.,  Sydney. 

BoTAL  Society  of  New  South  Wales. 

TuRiK. — Atti  della  B.  Accademia  delle  Scienze  di   Torino,   Vol.  XIII,  Nos.  1-8, 

and  XIV,  No.  1  (1877-78),  8v*.     Torino. 

The  Academy. 


n 


Bollettino  dell'Osservatorio   della   Begia  TJnirersita    di  Torino,   Anno 
XII  (1877),  4to,  Torino. 

The  Academy. 

„        Memorie  della  Beale  Accademia  delle  Scienze  di  Torino,  2nd  Series,  Vol. 

XXIX  (1878),  4to,  Torino. 

The  Academy. 

TusCAHY. — Prooessi  Verhali  della  Societa  Toscana  di  Scienze    Natnrali,  21st 

January  1879  (1879),  8vo,  Tuscany. 

The  Society. 

ViBHHA. — Jahrbuch  der  kais.  konig.  G-eologischen  Beichsanstalt^  Band  XXVIII, 

No.  8  (1878),  8vo,  Wien. 

The  Institute. 

,y  Verhandlungen  der  kais.  konig  Qeologischen  Beichsanstalt,  Nos.  11-13 

(1878),  8vo,  Wien.  The  Institute. 

WASHnroTOK. — Haydek,  P.  V. — Catalogue  of  the  publications  of  the  TJ.    S. 

Geological  and  Geographical  Surrey  of  the  Territories,   3rd 
Edition  (1879),  8vo,  Washington. 

P.  V.  Hayden,  Esq. 
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GEOLOGICAL  SURVEY  OF  INDIA. 


Part  8.]  1879.  C  August. 


Ok  the  geological  features  of  the  northern  part  of  Madura  District,  the 
PuDUKOTAi  State,  and  the  southern  parts  of  the  Tanjore  and  Trichinopoly 
Districts  included  within  the  limits  of  Sheet  80  of  the  Indian  Atlas, 
hy  R.  Bbucb  Foote,  F.G.S.,  Oeological  Survey  of  India. 

I.-«INTEODUCTORY. 
The  coantry  to  be  noticed  in  the  following  pages  belongs  partly  to  tbe  Madura, 
Tanjore  and  Tricliinopoly  districts,  partly  to  the  native  state  of  Pndn- 
kotai  (Poodoooottah)  or  Tondiman.  Topographically  this  region  may  be 
described  as  a  gently  nndnlating  inclined  plane  rising  very  slowly  westward 
from  the  delta  of  the  Caavery,  or  the  sea  board.  It  is  only  in  the  western 
part  that  tlie  snr&oe  is  broken  by  a  few  low  but  steep  hills  rising  in  the  gneissio 
area,  and  by  the  lines  of  scarp  corresponding  generally  with  the  western  boun- 
dary of  the  lateritic  formations,  which  occupy  by  far  the  greater  part  of  the 
coimtiy  now  under  consideration. 

The  hydrology  of  this  area  is  of  very  simple  character,   all  the   drainage 
HTdiolosry  falling  in  a   general    south-easterly    direction  into    the 

section  of  the  Bay  of  Bengal  known  as  Palk's  Bay,  by 
eight  principal  streams.  These  streams  are,  with  one  exception,  quite  of  small 
size,  the  exception  being  the  Vaigai  (Yygah)  which  drains  the  central  part 
of  Madura  district.  Of  the  others  the  two  most  northerly  are  really  branches  of 
the  Cauvery  proper ;  they  are  the  Kori-dr  (Coray-aur)  and  Pamini-dr  (Pau- 
maney-aur),  the  former  running  parallel  with,  but  a  little  distance  from,  the 
western  boundary  of  the  southern  part  of  the  delta,  the  latter  flowing  partly 
just  within  the  delta^  and  partly  within  the  lateritic  area,  this  latter  part  of  its 
course  being  apparently  of  artificial  origin. 

The  Ikani-4r  (Icauney-aur)  which  falls  into  the  bay  to  the  south-west  of 
Adrampatam  rises  in  the  Trichinopoly  district,  close  to  Illipur,  has  a  course  of 
only  about  fifty  miles,  and  is  rather  torrent-like  in  its  behaviour  in  wet  seasons. 
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The  Vellir  (Vellaur)  which  rises  among  the  hills  west  of  the  Trichinopoly- 
Madnra  road,  in  Lat.  9®  26'  and  Long.  78®  20',  is  also  very  torrential  in  its  charac- 
ter, rising  suddenly  in  high  freshes  of  short  duration  which  cut  away  the  banks  or 
excavate  side  channels.  According  to  the  map  (sheet  80  of  the  Indian  Atlas), 
the  Yelldr  forks,  near  the  coast,  into  two  branches,  represented  as  of  equal  size, 
the  northern  branch  being  known  as  the  Narasinga  Cauyery.  How  the  topogra- 
phical surveyors  came  to  show  this  phenomenon  is  hard  to  understand,  for  it 
does  not  exist  in  nature.  The  northern  branch  does  not  occur  as  shown,  the  so- 
called  Narasinga  Cauvery  being  in  reality  nothing  more  than  an  insignificant 
irrigation  channel  of  such  small  dimensions  that  I  crossed  it  repeatedly  near 
Arrantangy  without  noticing  it,  though  I  was  looking  for  it.  The  southern  branch 
showti  in  the  map  is  a  genuine  river,  200  to  300  yards  wide  and  of  considerable 
depth  at  flood  times.  Like  the  other  rivers,  in  this  region  the  Yell&r  proper  flows 
in  a  distinctly  marked  alluvial  valley,  while  the  Narasinga  Cauveiy  channel  leaves 
the  alluvium  inmiediately  below  its  head,  and  traverses  an  unaltered  tract  of 
lateritic  sand  till  it  reaches  the  coast  alluvium. 

Next  comes  the  Pamb&r  (Paumben-aur),  which  rises  to  the  west  of  Trimiem 
(Tirmium)  in  Pudukotai. 

Of  the  three  remaining  streams,  the  Manimut-£r,^  or  Tripatur  river,  the 
Serruvayal  (Hoop-aur  of  sheet  80),  and  the  Yaigai,  only  small  portions  of  their 
courses  lie  within  our  area.  The  Manimut-fir  gathers  the  drainage  of  the  eastern 
end  of  the  Sirumallai,  a  considerable  mountain  lying  to  the  north-by-east  of 
Madura,  and  of  the  hills  lying  north  of  Nottam  in  Madura  and  Trichinopoly  dis- 
tricts. The  Serruvayal  rises  on  the  high  ground  east  of  the  Trichinopoly-Madnra 
road  near  Melur  (Mailore),  and  the  Yaigai  (Yygah)  takes  its  origin  at  the  head 
of  the  great  Cambam  valley  on  the  eastern  side  of  the  Southern  Qhats.  The 
headwaters  of  the  Yaigai  drain  only  the  eastern  scarp  of  the  ghats  which  re- 
ceives but  a  veiy  limited  supply  of  rain,  the  watershed  of  the  whole  mountain 
mass  lying  in  this  quarter  along  the  easternmost  ridge,  hence  the  river  is  of 
much  less  volume  and  importance  than  might  be  expected.* 

The  geological  structure  of  the  area  here  treated  of  is  as  simple  as  its  topo- 
Geological  formations      graplii<»l  features,  all  the  rocks  met  with  being  referable 
met  with.  to  but  six  divisions,  which  are  here  given  in  their  des- 

cending order :  — 

6.  Soils  and  snbaSrial  formations. 
5.  AUavial  formations,  marine  and  iluviatile. 
4.  Lateritic  conglomerates,  gravels  and  sands. 
8.  Cuddalore  sandstones,  grits  and  conglomerates. 
2.  Upper  Qondw^na  beds.    Hard  mottled  shales. 
1.  Qneissic  or  metamorphic  rocks. 

>  The  name  Vcrshalay-aur  given  to  the  Tripatur  river  on  sheet  80  is  not  recognized  bj  the 
natives  for  the  npper  or  middle  part  of  the  course.    They  all  call  it  the  Manimut-ir. 

^  A  noble  project  for  taming  into  the  Yaigai  the  surplus  waters  of  one  of  the  principal  rivers 
now  flowing  to  waste  in  the  Cochin  backwater  has  been  long  and  earnestly  recommended  by  the 
Madras  engineers.  As  the  south-west  monsoon  rains  never  fail  completely  on  the  higher  ridges  of 
the  ghftts^  this  project  of  throwing  a  vast  supply  of  water  across  the  present  watershed  would,  if 
carried  out,  confer  an  immense  boon  upon  the  hot  and  now  too  often  drought-stricken  plains  of  the 
Madura  country. 
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The  gneissic  rocks  occupy  the  western  part  of  the  area  to  be  described,  and 
The  ffneinic  series.  form  the  highest  prominences  in  it.    Amongst  them  are  the 

line  of  hills  stretching  from  south  of  Kolatnr  (Colatoor), 
sonth-sonth-westward  to  the  Pndnkotai-Illipar  road,  near  Annavassel ;  and  several 
small  granite  gneiss  hills  to  the  south  of  the  Yell^r,  at  and  near  Trimiem. 
Between  the  Tallej  of  the  Manimut-&r  and  that  of  the  Vaigai  at  Madura,  a  number 
of  hills  of  small  height,  but  often  of  very  striking  outline,  occnr  dotted  about  at 
no  great  distance  from  the  eastern  boundary  of  the  gneidsic  area.  Between  these 
liills  the  general  surface  of  the  gneiss  country  is  gently  undulating. 

A  considerable  part  of  the  surface  of  the  gneissic  rocks  is  occupied  by  debris 
of  the  younger  overlying  rocks,  which  have  been  in  greatest  part  destroyed  by  the 
denuding  agency  of  atmospheric  forces. 

The  rocks  assigned  to  the  B&jmahfil  section  of  the  Upper  Gondw6na  system 

n..    , .,         ,  ,        are  very  slightly  exposed,  and  their  contact  with  the 

B^jmahil  secondaiy  rocks.  .      ^     ^^  .^.  .,  rTl  ..         -  .e_      xi. 

gneiss  was  not  visible,  but  there  is  no  reason  from  the 

analogy  of  other  parts  of  tiie  Coromandel  coast  to  imagine  that  their  base  rests 

on  anything  else  than  the  gneiss. 

The  Guddalore  sandstones  and  grits  rest,  wherever  their  base  is  exposed,  on  the 

^  ^,  ,      ^   ^.  ,  irresular  surface  of  the  gneissic  rocks,  and  are  them- 

Caddalore  tertianr  rocks.  ,  °  i  'j  t_     i  x     »±i  i  j.  i  j 

selves  overlaid  by  latentic  conglomerates,   gravels  and 

sands,  the  relations  between  the  two  being  extremely  obscure  from  the  great 

petrological  similarity  of  two  of  the  principal  members  of  either  group,  .and 

from  the  exceedingly  limited  number  and  unsatisfactory  character  of  the  sections 

in^which  the  two  series  are  exposed  in  juxtaposition. 

The  total  absence  of  organic  remains  from  both  series  greatly  increases  the 
difficulty  of  dealing  with  them.  The  unoonformity  of  the  two  groups  is  inferred 
from  the  extensive  overlap  of  the  younger  of  the  two.  The  stratigraphical 
phenomenon  of  overlap  generally  involves  unconformity  between  the  formations 
affected  by  it,  but  no  positive  physical  necessity  exists  that  there  should  be 
such  unconformity  in  eveiy  case,  and  I  have  been  often  strongly  tempted  to  think 
that  in  this  region  it  is  a  case  of  •non-proven.  Only  one  section  was  seen  in 
which  unconformily  could  be  demonstrated,  and  in  several  of  the  best  sections 
there  is  a  passing  of  true  mottled  grits,  which  may  belong  to  either  group,  into 
lateritic  conglomerates  of  the  most  typical  character^  instances  of  which  will  be 
adduced  further  on. 

The  Cuddalore  conglomerates,  sandstones,  &c.,  appear  to  be  the  lower  part  of 
one  formation;  the  lateritic  conglomerates  (mostly),  gravels  and  sands  the 
upper  part  of  one  and  the  same  group  of  rocks;  mottled  grits  of  both  ages 
apparently  lying  in  between. 

The  conglomeratic  beds  of  both  groups  occur  in  the  western'  parts  of  the 
areas,  and  generally  close  to  the  boundary,  at  which  they  are  mostly  well  displayed. 

The  gravelly  and  sandy  members  of  the  lateritic  group  occupy  the  eastern 

part  of  the  slope,   and  sink  in  most  cases  very  gently 

*  ^         '  below  the  delta  of  the  Cauvery,  or  the  coast  alluvium. 

>  Korth  of  our  area  the  conglomerated  forms  are  best  seen  along  the  northern  bonndnry  of 
the  formation  between  Vellam  and  Tan jore. 
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The  lateritic  area  is  divided  by  the  alluvial  valleys  of  the  several  rivers 
above  enumerated  into  various  patches,  of  which  the  most  northerly  are  by  far 
the  largest  in  area.  These  patches  will  be  found  described  and  named  further 
on. 

Of  the  alluvia  there  is  very  little  to  say.     Only  a  strip  of  the  southern  part 
— ,      ..    .  of  the  Cauvery  delta  was  examined.     The  marine  alln- 

'"•""•  ^um  forms  but  a  very  imrrow  belt  in  the  Adiumpatam' 

comer,  and  the  river  alluvia  are  of  no  great  extent  or  importance.  Owing 
to  the  great  extent  of  wet  cultivation  carried  on  along  the  various  rivers  and 
under  tanks  constructed  across  their  tributaries,  the  apparent  area  of  the  allu- 
vium has,  in  the  course  of  many  centuries,  been  largely  increased  by  the  forma- 
tion of  artificial  alluvial  spreads,  the  boundaries  between  which  and  the  true 
alluvia  it  is  in  very  many,  if  not  in  most,  cases  impossible  to  determine  with  any 
accuracy. 

The  several  rock  groups  will  be  most  conveniently  studied  by  taking  them  in 
ascending  order. 

II.---THB  QNEISSIG  OB  METAMOBPHIG  BOCKS. 

The  prevalent  form  of  gneiss  in  this  region  is  quartzo-felspathic  micaceous 

granitoid  or  semi-granitoid  gneiss,  of  pinkish  or  greyish- 

Oranular     qoartEoae     pjjjjj  colour.     In  texture  it  varies  from  a  massive,  coarse, 

highly  granitoid  rock  to  a  schistose  gneiss  nearly  akin  to 
mica  schist.  A  very  marked  variety  which  is  of  common  occurrence  is  a  coarse 
granular  quartz  rock  very  rudely  bedded  and  showing  numerous  small  indistinct 
cavities  from  which  some  mineral  has  been  weathered  out.  In  some  cases  these 
cavities  are  filled  with  an  earthy  form  of  dark  red  or  brown  hasmatite.  The 
cavities  lie  in  the  planes  of  lamination  (coinciding  with  the  bedding),  and 
indeed  but  for  the  cavities  the  lamination  would  not  be  visible  in  most  cases. 
The  mass  of  the  quartz  is  in  places  not  unfrequently  very  translucent  and 
vitreous  in  texture. 

Hornblendic  varieties  of  gneiss  are  very  much  less  common  in  this  region, 
and  takose  or  chloritic  schists  were  nowhere  observed.  Ferruginous  schists 
are  extremely  rare ;  no  example  of  hsBmatite  schist  was  met  with,  and  only  one 
example  of  magnetite  schist. 

Finely  banded  granite  gneiss  of  dense  grain  occurs  here  and  there  largely, 
as  at  Tirkomum,  west  of  Pudukotai,  and  at  Ammachattram  on  the  Triohinopoly 
road. 

The  line  of  hills  already  referred  to  (page  143)  which  cuts  the  Triohinopoly  road 
south  of  Kolatur,  and  forms  the  Alurruttimallai^  and  Narthamallai,  consists 
of  banded  slightly  hornblendic  granite  gneiss  of  pale  grey  color  weathering  to 
pale  dirty  flesh  color,  and  showing  characteristic  bare  rooky  masses.  Tors  are 
not  remarkable,  or  abundant,  but  there  is  much  weathering  along  the  lines  of 

^  Properly  the  name  of  this  place  Bhonld  be  called  Adivira-rama-patnam. 

^  The  Alorratti  Mallai  or  **  Man-rolling  hill"  obtained  its  name  from  the  practice  adopted 
in  former  times  of  execnting  criminals  by  rolling  them  over  the  great  precipice  on  the  south 
nde  of  the  hill.  The  hill  is  about  400  feet  in  height,  and  the  npper  part  of  the  great  sonth  scarp 
overhangs  sUghtly. 
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outcrop  and  along  the  plane  of  an  important  joint  occupying  a  nearly  hori- 
zontal position,  giving  rise  to  nnmerous  low  caves  and  rock-shelters  which  are 
yet  used  for  various  purposes  hj  the  field  lahourers.  The  basset  edge  of  the 
bedding  coincides  with  the  run  of  the  hills,  and  the  dip  is  westerly.  A  good 
specimen  of  a  rock-cut  Hindu  temple  is  to  be  seen  on  the  east  side  of  Nartha- 
niallai,  and  near  it  are  some  large  holes,  now  full  of  water,  formed  apparently 
by  the  weathering  out  of  lenticular  masses  of  more  perishable  rock. 

The  Annavassel  hills  are  of  very  similar  petrological  character,  and  so  also  is 
tbebold  rocky  mass  of  the  Kudumimallai  (Kodemeahmallai),  four  miles  further  to 
the  south-west,  so  called  by  the  natives  from  a  fancied  resemblance  to  the  lock  of 
bair  worn  by  orthodox  Hindus  at  the  back  of  their  heads. 

These  hills  are  almost  bare  of  vegetation  owing  to  their  very  rocky  character, 
but  to  the  eafit  of  Narthamallai  is  a  ridge  of  the  highly  crystalline  quartzose  rock 
ftbove  mentioned,  which  crumbles  by  weathering  into  a  coarse  grit  thickly  covered 
by  heavy  thorny  scrub.    Very  little  rock  is  to  be  seen  here,  and  the  contrast 
between  the  two  ridges  is  very  marked.     The  bedding  of  this  quartzose  rock 
is  very  obscure,   but  still  traceable   by  the   lines  of  haematitic  grains   which 
form  discontinuous  laminss.     A  precisely  similar  rock,  probably  the  extension  of 
the  same  bed,  is  to  be  seen  a  little  south-east  of  Pilliur  (Pilleoor),  eleven  miles 
to  the  north-eajst-by-north.    No  other  minerals  could  be  traced  in  this  rock.    This 
band  of  granular  quartzose  gneiss  shows  also  strongly  to  the  east  of  the  Anna- 
vassel hill,  and  is  doubtless  connected  with  more  southerly  outcrop  of  similar 
rock,  as,  for  example,  that  on  the  south  bank  of  the  Yell^r,  close  to  Kemanur. 
StiU  further  south  this  very  peculiar  variety  of  gneiss  occurs  largely,  and  forms 
several  low  hills  and  ridges  which,  though  nowhere  of  any  height,  are  yet  con- 
spicuous from  their  light  color  where  not  covered  by  jungle,  or  from  their  being 
crested  by  narrow  ridges  of  bold  blocks  and  tors.     Among  these  the  following  are 
noteworthy:   the   Neddamurrum  hill,  three  miles  north-east  of   Tripatur,  the 
Manmallai  (MunmuUay),  the  north-eastern  extremity  of  a  long  low  ridge  which 
crosses  the  Tripatur- Sivaganga  high  road,  and  may  be  traced  for  some  thirteen 
miles  to  the  west-south-west.     This,  which  in  parts  is  crested  by  a  row  of  striking 
tors,  forms  for  a  distance  of  fully  ten  miles   a  perfectly  straight  boundary  line 
on  which  the  western  edge  of  the  Sivaganga  (Shevagunga)  lateritic  patch  abuts. 

Another  ridge,  about  250  feet  high  and  three  miles  long,  lies  between  two  and 
three  miles  nortii-west  of  the  Manmallai,  and  is  locally  known  as  the  Yerimallai. 
In  both  these  ridges  the  beds  have  a  very  high  westerly  dip,  ranging  from  76** 
to  nearly,  if  not  absolutely,  vertical.  Very  similar  to  both  these  ridges  is  another 
which  abuts  on  the  left  bank  of  the  Yaigui  river,  about  four  miles  south-east  of 
the  town  of  Madura,  and  which  extends  east-north-east  towards  and  apparently 
joins  the  row  of  huge  tors  which  culminates  in  the  Trivadur  trigonometrical 
station  hill.  Besides  the  outcrops  of  the  granular  quartzose  gneiss  above  men- 
tioned three  other  occurrences  of  it  should  be  noted  ;  these  are  a  band  occurring 
about  two  and  a  half  miles  east  of  Tripatur,  which  is  possibly  a  continuation  of 
the  Neddamurrum  beds  before  referred  to.  The  gneissic  rock  seen  in  the  inlier 
south  of  Trimiem  is  a  similar  granular  quartzose  variety,  the  crest  of  a  basset 
edge  from  which  the  overlying  later ite  has  been  denuded. 
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Uncoxmected  with  any  of  the  ahove  beds  is  a  band  of  the  grannlar  rock  at 
Mallampatti  (Mullumputtj),  forming  a  low  rocky  ridge.  The  bedding  in  this 
ease  is  extremely  obscure  and  doubtful. 

A  great  show  of  beautifully  banded  micaceous  granite  gneiss  is  to  be  seen  at 

Virallimallai,  a  bold  rock  crowned  with  a  temple  of  some 
Granite   gneiss     ont-      ^^^  ^^^^  twenty  miles  south-west  of  Trichinopoly   on 

the  high  road  to  Madura.  The  lamination  is  in  parts 
greatly  contorted  and  ''  yandyked/'  and  the  pink  color  of  the  rock,  banded  with 
shades  of  grey  and  occasional  black  micaceous  laminuB,  forms  a  stone  of  striking 
beauty.  A  similar  banded,  but  paler  colored  homblendic  granite  gneiss  is  very 
largely  quarried  at  Puliarpathi  (Pooliarputty),  four  and  half  miles  east  of  Tripatur. 
The  rock  here  has,  however,  undergone  much  less  contortion,  and  the  beds  run  in 
a  simple  ridge  coinciding  with  the  strike.  These  beds  appear  to  underlie  the 
granular  quartzose  beds  which  form  the  Neddamurrum  hills  above  referred  to. 

Among  the  more  noteworthy  outcrops  of  granite  gneiss  in  the  northern  part 
of  our  area  is  a  band  of  a  pale  grey  micaceous  variety  which  forms  some  large  tors 
and  bosses  at  Killumallai  (Killumalla)  in  the  northern  comer  of  the  bay  of  gneiss 
north  of  the  Ikani-&r  (Icunney-aur)  valley.  The  general  sur&ce  of  the  gneiss 
in  this  bay  and  south  of  it  nearer  Pudukotai  is  much  obscured  by  sandy  semi- 
lateritic  soil.  Gneiss  crops  up  only  here  and  there,  and  mostly  in  detached 
rounded  bosses  or  '^  whale  backs,"  as  e.  ^.,  by  the  Konanda  Kovil  bosses,  and  the 
extensive  ''  whale  backs"  north-west  of  Shembatur. 

The  rock  forming  the  Yellengoody  and  Kunamulla  trigonometrical  stations 
lying  a  little  westward  of  the  gneissic  bay  just  referred  to,  and  the  bosses  of  gneiss 
north  of  Kimur  (close  to  Kolatur)  consist  also  of  micaceous  granite  gneiss 
distinctly  bedded,  especially  in  the  former  case.  There  the  bedding  is  greatly 
crumpled,  and  the  rock  weathers  of  dirty  pinkish  color.  The  Kunamulla  rock  is 
more  compact,  less  micaceous  and  paler  in  color.  It  is  quarried,  and  the  freshly 
broken  rock  is  very  handsome,  banded  with  pale  shades  of  bluish  and  whitish-grey. 

Where  the  gneiss  has  been  directly  overlaid  by  the  conglomerates  and  laterites 

of  the  younger  series,   it  mostly  shows  a  great  deal  of 

Pecnliar  withering  of     yellowish-red  (rusty)  ferruginous  staining  and  a  peculiar 

gneiss  under  Ifttente.  j     i.       ^     .  x-         -xx  i.  *   J  -i.-  t 

and  characteristic  gntty  roughness  of  decomposition  of 

the  surface  not  seen  where  the  weathering  action  has  taken  place  on  the  long 
exposed  surface. 

Other  fine  outcrops  of  granite  gneiss  occur  at  Suriur  (Sooriore)  on  the 
boundary  of  the  laterite  about  seven  miles  north  of  Kolatur,  and  to  the  west  of 
the  last  place  to  the  north  and  south  of  Nangupatti  (Naungooputiy),  and  at 
Shatanpatti  and  Bapussel  (Baupoossel).  There  are  also  numerous  fine  examples 
of  granite  gneiss  rocks  to  be  seen  on  either  side  of  the  Yell&r  valley  to  the  west- 
ward of  Tirkomum,  e.  ^.,  at  Permanad,  Ghittur  (Shittoor),  and  Surramulla. 
West  of  the  latter  village  is  a  superb  tor  of  great  height,  a  conspicuous  object 
from  considerable  distances.  East  of  the  village  several  ridges  of  gneiss  cross 
the  river  and  divide  the  alluvial  basin  into  two  parts.  The  high  ground  south 
of  this  near  Kotur  is  crowned  by  several  prominent  bosses  standing  up  out  of  the 
scrub  jungle. 
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In  tlie  southern  part  of  onr  area  several  noteworthy  ridges  of  granite  gneiss 
occur,  e.  g.^  at  and  to  the  north-east  of  Kilavaladu  (Keelaladoo),  also  at  Melur, 
and  last  but  not  least  in  size  or  in  striking  appearance  is  the  ridge  known  as  the 
Anaimallai  ( Annamulla)  or  Elephant  hill,  five  miles  north-east  of  Madura.  This 
last  ridge  terminates  at  its  southern  extremity  in  a  very  bold  blufF,  bearing 
when  seen  from  yarious  points  a  veiy  fair  resemblance  to  a  huge  elephant,  a 
likeness  which  has  given  it  the  name  it  bears,  and  connected  it  with  the  principal 
mythology  of  Madura  and  the  famous  temple  of  Miuakshi.  It  is  a  perfectly 
naked  rocky  ridge,  about  two  miles  in  length,  consisting  of  grey  and  pale  pink 
banded  micaceous  granite  gneiss  of  coarse  texture.  The  dip  of  the  bedding  is  not 
distinct;  it  is,  however,  mainly  westerly,  though  the  northern  extremity  looks  as 
if  it  were  the  remains  of  an  anticlinal  fold. 

The  numerous  low  rocky  hills  at  and  around  Trimiem  in  the  southern  part 
of  Pudukotai  State  all  consist  of  coarse,  generally  micaceous,  banded  granite 
gneiss  of  pale  color,  varying  from  pure  grey  to  pinkish  or  brownish-grey.  Tors 
and  great  rounded  blocks  are  numerous. 

Highly  homblendic  gneiss  is  of  rare  occurrence  in  the  gneissic  area  be- 
tween the  Yaigai  and  the  Cauveiy  ;  no  important  beds  of  it  were  noted 
anywhere. 

The  general  strike  of  the  bedding  trends  from  west-south-west  to  east- 

north-east  on  the  left  bank  of  the  Vaigai  river,  to  north 
ffDeiflsic  rocks.  ^^'^  south,   or  north-by- west  south-by-east,  in  the  neigh- 

bourhood of  Illipur  and  near  the  northern  limit  of  our 
area  as  Trichinopoly  is  approached. 

A  small  tract  of  country  over  which  the  strike  has  a  totally  different  ten- 
dency occupies  the  centre  of  our  gneissic  area>  and  extends  from  the  valley  of 
the  Manimut-dr  northward  to  within  a  couple  of  miles  of  the  Pambir  valley  at 
Trimiem.  In  the  southern  part  of  this  tract  the  strike  varies  from  east-by- 
south  west-by-north  to  north- west-by- west  south-east-by-east ;  in  the  central  part 
no  well-bedded  rocks  were  mapped,  but  in  the  northern  part  the  strike  changes 
from  east- west  to  east-by-north  west-by-south. 

Only  one  occurrence  of  magnetic  iron  in  the  gneiss  was  met  with  ;  this  was 

about  a  mile  north-east  of  Mallampatti  (Mallamputty),  a 
^^^    ^  '         village  in  the  Pudukotai  state  nineteen  miles  north-west-by- 

north  of  the  town  of  Pudukotai.  Very  little  of  the  outcrop  is  seen,  but  a  good 
deal  of  debris  of  a  rich  magnetite  bed  is  scattered  about  the  fields  a  little  to 
the  eastward  of  the  Mallampatti  granular  quartzose  gneiss  ridge  above  referred 
to  (page  146). 

III. — The  Upper  GondwIna  Sbeibs. 

Analogy  with  the  geological  structure  of  the  more  northern  parts  of  the 
Coromandel  coast  would  suggest  as  extremely  probable  the  existence  south  of  the 
Cauveiy  of  representatives  of  the  Upper  Gondwina  formation ;  and  in  fact  two 
outcrops  of  rocks  referable  on  petrological  grounds  to  that  series  were  discovered 
underlying  the  lateritic  rocks  in  Madura  district  to  the  north-eastward  of  Siva- 
ganga.  The  petrological  resemblance  of  the  shales  which  occur  at  a  small 
village  called  Ammersenpatti  (not  shown  in  the  map)  lying  near  Mudcchompatti, 
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ten  miles  nortli-east-by-east  of  Sivaganga,  is  very  great  to  some  of  the  bard  shales 

....  occnrrine  at  Sripermatur  and  Yamavaram:   but   nnfor- 

Ammenenpatti  Bhales.         ..i  .  iji.*-i,i         , 

tunately    no  organic  remains  could    be    found,   though 

very  closely  searched  for.  The  shales  are  not  seen  in  situ,  but  only  as  material 
turned  over  from  the  bottom  of  a  small  tank  south  of  the  village.  A  consider- 
able quantity,  however,  was  exposed  in  the  bank  of  the  tank  in  clean  condition, 
BO  that  the  color  and  texture  of  the  rock  could  be  well  studied.  The  prevalent 
colors  are  buff  and  yellow  mottled  with  white.  Some  quantity  was  also  noted 
of  pink  color,  ranging  to  red  with  a  crust  of  white  about  i  to  ^  inch  in  thickness 
along  the  lines  of  jointing,  which  are  sharply  cut. 

About  a  mile  south-east  of  this  spot  I  came  upon  a  small  opening  in  the 
heavy  scrub  jungle  where  much  debris  of  very  sandy  hard  shale,  almost  a  sand- 
stone, lay  mixed  up  with  lateritic  debris  ;  this  shale,  too,  bears  a  strong  resem- 
blance to  many  sandy  shales  ooenrring  in  the  northern  outcrops  of  the  Upper 
Gondw^a  series.  No  fossils  were  here  observed,  nor  was  the  rock  seen 
in  titu,  the  surface  at  that  spot  being  a  dead  flat  showing  no  sort  of  section.' 
The  spot  where  the  hard  sandy  shale  was  seen  is  passed  through  by  the  cart 
track  leading  south-south-eastward  to  Kalliar  Kovil. 

The  petrological  resemblance  of  these  shales  to  members  of  Bijmahdl  group 
(Upper  Gondwinas)  in  the  Trichinopoly,  Madras,  and  Ongole  areas  is  certainly 
far  greater  than  their  resemblance  to  any  member  of  the  lateritic  series,  or  of 
the  Cuddaiore  sandstone  group,  that  I  am  acquainted  with,  but  in  the  absence  of 
organic  remains,  the  age  of  the  Ammersenpatti  shales  cannot  be  positively  deter- 
mined. 

Very  faint  traces  of  drab  or  buffy  shale  were  noted  in  the  bank  of  a  tank- well 
on  the  west  side  of  the  road  to  Tripatur,  about  two  miles  north  of  Sivaganga. 
Only  small  chips  of  the  shale  were  found  in  the  mass  of  kankaiy  lateritic 
gravel  turned  out,  and  no  traces  of  fossils  could  be  found.' 

Some  connection  exists  also,  unless  I  am  mistaken,  between  some  remarkable 

boulder  beds,  resting  upon  the  sur&u^  of  the  gneiss  in 
this  quarter,  and  the  BdjmaMl  beds.  These  boulder  beds 
cover  a  very  considerable  surface  on  the  higher  ground  north-east  of  Sivaganga, 
and  south-west  of  Serruvayal.  Their  limits  were  not  determined  owing  to  the 
great  defects  of  the  map  (sheet  80),  and  to  the  difficulty  of  doing  any  mapping 
in  extensive  and  thick  spreads  of  scrub  jungle  in  the  absence  of  any  landmarks. 
The  boulder  beds  are  best  seen  along  the  road  leading  from  Natarashenkottai, 
north-north-westward  to  Kolakattipatti  (Colacutty putty).  They  appear  to  be 
due  to  the  action  of  surf  beating  on  shoals ;'  for  not  only  do  many  large  and  well- 
rounded  pebbles  strew  the  surface,  but  the  surfaces  of  various  protuberances  of 

^  This  spot  was  only  examined  cnnorily,  aa  I  came  npon  it  very  late  in  tbe  day  when  far 
from  camp,  and  had  no  subsequent  opportunity  of  revisiting  it. 

'  The  country  round  Sivaganga  deserves  a  closer  examination  than  I  could  give  it,  as  I  was 
seeking  to  carry  the  boundary  work  southward  as  fast  as  possible.  Failing  health  and  strength, 
however,  compelled  mo  to  seek  a  change  which  prevented  my  revisiting  these  localities  as  I  intended 

doing. 

'  These  boulder  beds  lie  at  a  higher  level  than  much  of  the  gneissic  area  to  the  westward    f 

them. 
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the  coarse  grannlar  gneiss  are  worn  and  ronnded  ia  situ.  Much  coarse  and  fine 
lateritic  debris  rests  on  and  among  the  boulders.  No  section  was  seen  showing 
undisturbed  laterite  in  clear  juxtaposition  to  the  boulder  beds,  but  the  latter  bear 
greater  resemblance  to  the  beds  of  similar  character  forming  the  base  of  the 
Rkjmah&l  formations  near  Utatdr,  Sripermatur,  and  Ongole  than  they  do  to  any 
true  lateritic  conglomerate  that  I  am  acquainted  with. 

IV. — The  Ccddaloee  Series. 

The  representatiTes  of  the  Ouddalore  series  (established  by  Mr.  H.  F.  Blan- 
ford  for  certain  rocks  in  South  Arcot  and  Trichinopoly  districts)  which  occur  in 
our  limits  consist  of  coarse  conglomerates,  sandstones  and  grits,  the  latter  pass- 
ing locally  into  a  rock  perfectly  undistinguishable  from  the  common  laterite 
which  so  largely  covers  the  surface  in  this  region.  Here  as  in  so  many  other 
parts  of  the  Coromandel  coast,  the  slight  slope  of  the  country  and  the  very  low 
dip  of  the  rocks  have  prevented  the  formation  of  really  valuable  natural  sections, 
and  civilization  has  not  yet  advanced  sufficiently  to  have  given  rise  to  any  artifi- 
cial ones  of  importance.  The  extension  of  wet  cultivation  greatly  militates 
against  the  formation  of  deep  channels  by  the  different  smaller  streams  draining 
the  country.  All  are  dammed  back  at  many  points  of  their  courses,  and 
give  rise  to  the  formation  of  local  alluvial  flats  which  qnly  add  to  the  obscura- 
tion of  the  younger  rocks,  whose  relations  are  therefore  generally  very  unsatis- 
factorily and  imperfectly  displayed,  so  that  definite  information  regarding  many 
interesting  stratigraphical  points  is  at  present  not  procurable.  The  total  absence, 
80  far,  of  organic  remains  renders  the  correlation  of  detached  exposures  of  even 
similar  rocks  of  great  and  inevitable  uncertainty.  These  difficulties  present 
themselves  saliently  in  the  Tanjore,  Pudukotai,  and  Madura  districts. 

The  most  northerly  section  in  which  rocks,  assumedly  of  Cuddalore  age,  are  to 

be  seen,  occurs  to  the  south-east  of  the  village  of  Thachen- 
tior*^**^'*'^^    '^'     kurichi  (Thachencoorchy),  some  six  miles  north  of  Gan- 

darakotai  (Gundaracottah)  in  Tanjore  district.  A  fair 
show  of  grits  and  sandstones  is  here  to  be  seen  along  the  sides  of  a  small  winding 
streanu  The  sandstones  occur  in  irregular  somewhat  lenticular  patches  of  dark 
brown  color  and  considerable  hardness.  They  are  overlaid  by  g^tty  sandstones 
mottled  pale  purple,  yellow  and  rusty  red.  The  upper  beds  of  these  are  very 
clayey  and  lateritic  in  character.  To  the  south-east  of  this  section  lie  two  small 
low  hills,  both  capped  with  thick  conglomeratic  laterite,  but  no  evidence  could  be 
found  as  to  what  underlies  this  capping,  the  sides  of  the  hills  being  thickly 
covered  with  debris  and  thorny  jungle.  The  sandstone  beds  in  the  stream  banks 
and  bed  roU  about  in  various  directions.  West  of  the  village  is  a  broad  low 
ridge  of  ill-compacted  gritty  shingle  conglomerate,  which  dips  eastward  under 

gritty  laterite  close  to  the  high  road  to  Pattukotai.  Simi- 
ncS^F^uk^df  ^^"*"**      ^  conglomerate  occurs  resting  on  the  gneiss  on  the  high 

ground  north-eaet  of  Pudukotai  near  Kumupatti  (Coomoo- 
putty),  and  further  west  near  Yeddiapatti. 

Along  the  southern  brow  of  the  same  high  ground  overlooking  the  town  of 
Pudukotai  is  a  line  of  low  cliffs,  12  to  16  feet  high,  showing  conglomerate  of 
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qnartz  and  gneiss  pebbles  in  a  gritty,  often  semi-lateritic,  matrix  of  reddish  purple, 
color,  and  containing  here  and  there  small  nests  of  clay.  This  conglomerate, 
which  is  not  yerj  hard,  rests  on  the  very  irregular  surface  of  the  banded  (slightly 
homblendic)  granite  gneiss,  to  which  it  has  imparted  a  strong  yellow  stain. 

Among  the  more-  southerly  conglomerate  beds   are  those  met  with  in  the 

Shenkarai  ridge,  about  eight  miles  south-by-east  of  Pudu- 

Shenkarai  ridge  con-      y^^^^      They  are  displayed   on  the  western  slope  opposite 
glomerates.  "^  r    ^  ^  ... 

Shenkarai  village  by  an  extensive  series  of  rain  gullies 

which  expose  a  considerable  surface  of  the  gritty  conglomerate ;  but  unfortu- 
nately do  not  cut  deeply  into  it.  Its  base  is  not  seen,  but  it  probably  rests  directly 
on  the  gneiss  which  shows  in  Shenkarai  tank.  The  bedding  is  seen  to  dip  east- 
north-east  or  east-by-north  at  angles  of  from  12®  to  16®.  False  bedding  prevsdls, 
but  only  to  a  small  extent,  for  so  coarse  a  rock.  The  conglomerate  is  of  mottled 
brown  to  pinkish  and  whitish,  less  frequently  reddish-yellow  color,  and  tolerably 
compact  with  a  gritty  matrix,  including  quartz  and  gneiss  shingle,  from  the  size 
of  a  cocoanut  downward,  in  moderate  quantity.  The  eastern  slope  of  the  ridge  ^ 
is  overlaid  by  the  most  massive  and  continuous  (sheet-like)  bed  of  lateritic  con- 
glomerate that  I  have  seen  on  the  Goromandel  coast ;  it  covers  a  considerable 
space  between  ArimuUum  (Aurmoolum)  and  Malalapatti,  and  is  itself  lost  sight 
of  to  the  east  under  lateritic  sands  and  the  alluvium  of  the  YeMr. 

Further  eastward,  away  from  the  boundary,  the  conglomeratic  character  of 
these  Cuddalore  beds  diminishes  rapidly,  and  very  few  sections  are  to  be  found 
that  penetrate  the  surface  laterite.  Where  the  sub-rock  is  reached,  it  is  seen  to 
be  a  grit  or  sandstone. 

A  second  section  of  the  Cuddalore  beds  forming  the  Shenkarai  ridge  was 

found  in  the  scrub  jungle  about  two  miles  further  south- 
Section  near   y    gu   ,      ^^^  ^^^  about  a  mile  south-east  of  Ayangudi.     The  beds 

here  seen  are  unlike  the  Shenkarai  beds,  they  are  conglomerates  of  very  coarse 
texture  and  rather  friable.  The  matrix,  which  varies  from  light  red  to  brown 
red  in  color,  is  semi-lateritic  and  vermicularly  cellular  to  some  extent.  The  en- 
closed shingle  is  mostly  large  and  well  rounded ;  it  is  chiefly  quartzose  and  all 
apparently  of  gneissic  origin.  The  lowest  bed  seen  is  mottled  and  more  gritiy 
in  texture  with  fewer  enclosed  pebbles.  The  dip  is  southerly  at  low  angles. 
Here  as  at  Shenkarai  the  section  penetrates  but  a  few  feet  vertically. 

A  section  in  which  gritty  sandstones  are  seen  peeping  out  below  the  surface 

,,       laterite  occurs  close  to  Ammagudi  (Aumagoodey)  on  the 

left  side  of  the  Yell4r  valley,  some  four  miles  north-west. 

of  Arrantangy.    Brown  and  purple  sandstones  occur  here  of  sufficient  hardness 

locally  to  be  quarried  into  coarse  flags.     They  are  exposed  in  the  gentle  scarp 

below  the  laterite. 

The  last  outcrop  but  one  of  Cuddalore  rocks  to  be  mentioned  occurs  to  the 

south-east  of  Sivaganga,  about  a  mile  and  a  half  from  the 
Section  at  Sivaganga.       ^^      ^^^  ^yenX  beds  of  hard  thick-bedded  grit  crop 

1  The  geographical  featares  of  this  ridge  are  verj  inaccurately  shown  in  sheet  80,  where  it  ap- 
pears of  considerahle  height  instead  of  as  a  mere  low  rise  scarped  only  for  a  short  distance  at  its 
northern  extremity.    Extensive  scrub  jnnglc  corers  tho  greater  part  of  its  surface  thickly. 
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out  from  bolow  the  general  lateritic  covering  of  tlie  country.  In  color  the  rock  is 
dark  pnrplish-grey  with  brown  bandings,  and  so  hard  as  to  be  worked  bj  blasting 
The  beds  have  a  north-easterly  dip  of  about  20^.  Much  diagonal  or  "  false " 
bedding  is  seen  in  the  fresh  broken  specimens  of  the  rock,  which  is  overlaid  con- 
formably to  the  eastward  by  less  compact  dark-brown  and  yellow-brown  grits. 
The  hard  grits  are  largely  quarried  as  building  stones.  Unfortunately  no 
laterite  is  seen  in  juxtaposition  with  the  grits,  so  the  local  stratigraphical  rela- 
tions of  the  two  rocks  cannot  be  studied. 

The  best  section  of  Cuddalore  grits  of  the  softer  variety  occurs  about  eleven 
.  miles  north-east  from  Pudukotai,  a  little  west  of  the  high 

'  road  to  Tanjore.  Here  the  small  stream  which  feeds  the 
Perungalur  tank,  in  descending  from  the  high  ground  to  the  north,  cuts  through 
the  upper  laterite  beds,  and  exposes  beds  of  typical  grits  in  many  gullies,  forming 
80  many  miniature  canons  of  very  perfect  shape  with  nearly  vertical  sides,  from 
12  to  18  feet  deep  and  only  2  or  3  feet  apart  at  the  bottom.  The  grit  beds  show  a 
rude  but  distinctly  columnar  jointing  strongly  resembling  starchy  cleavage  on 
a  huge  scale. 

The  section  here  displayed  shows  the  following  sequence  of  beds  in  descending 
order:— 

4.  Black  laterite  conglomerate,  on  g^vel. 

8.  Red-brown  vermicnlarly  porous  conglomerate,  passing  down  into — 
2.  Brown  conglomerate  with  many  pebbles  of  quartz 'grit  and  older  laterite. 
1.  Grits,  pale  mottled,  generally  showing  columnar  jointing  with  vermicular  tubes  and 
scattered  galls  of  fine  clay. 

In  this  section  distinct  unconformity  is  seen  to  exist  between  Nos.  1  and  2. 
No  signs  of  organic  remains  could  be  traced  after  very  careful  search. 

A  small  show  of  rather  soft  grit  of  red  and  brownish  mottled  color  appears 
between  the  boundary  of  the  gneiss  and  the  overlying  laterite  between  Surian- 
patti  (Pothanavial  of  the  Atlas  map)  and  Parembur  in  the  south-western  comer 
of  the  Tanjore  patch. 

Mottled  grits  which  on  petrological  grounds  are  considered  as  of  Cuddalore 
age  are  exposed,  in  sections  of  wells  and  deep  tanks,  under  the  laterite  conglome- 
rate at  Palatur  (Pullatoor)  and  Shuragudi  (Shooragoody)  in  the  Shahkotai 
patch  of  the  lateritic  formations  (see  page  153). 

The  boulder  beds  described  above  (page- 1 48)  as  occurring  to  the  north-east  of 

m^    ,j    1-  ii  Sivaganga  may  possibly  be  of  Cuddalore  age,  or  tertiary, 

Age  of  boulder  beds.  •     x     j     ^  -d^-      T-i?!  j  x-l  • 

^  instead  of  iiajmanal  age,  or  secondaiy,   as  there  is  no 

positive   evidence   either  from   the  presence  of  organic  remains  or  speciality  of 

stratigraphical  position,  but  in  their  facies  they  are  decidedly  much  more  akin  to 

the  older  series. 

V. — The  Lateritic  Group. 

The  Cuddalore  series  is  overlaid  by  the  several  members  of  the  lateritic 
series,  which  vary  from  hard  typical  conglomerates  through  gritty  beds  to  gravels 
and  finally  to  reddish  sands  with  variable  quantities  of  gravelly  pisolitic  haomatite 
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concretions.  The  sandy  beds  oocnpy  the  lower  slopes  near  the  delta  or  the  band 
of  marine  allnyinm  bordering  the  coast,  while  the  conglomeratic  beds  occupy 
the  higher  grounds  to  the  west  and  often  overhip  widely  on  to  the  gneiss. 

The  rarioas  rivers  which  convey  the  drainage    of  the  country  to  the  sea 
Sab-divi8ion  of   late-      divide  the  lateritic  region  into  a  number  of  minor  areas  or 
litic  areft.  patches  amounting  in  all  to  nine.     Their  sizes  are  very 

unequal  as  might  be  expected,  ranging  as  they  do  from  several  hundred  square 
miles  to  only  a  few  dozen  or  so  in  extension.     Taking  them  from  north-east  to 
south-west  the  first  is  the  Tanjore  paich,  so  called  from  the  fact  of  its  being  the 
southward  continuation  of  the  great  patch,  on  the  northern  edge  of  which  stands 
the  famous  old  town  of  Tanjore,  five  miles  beyond  the  northern  limit  of  the  map. 
This  is  followed  southward  of  the  Ikani-^r  by  the  Pttdukotai  patchy  which  is 
divided  by  the  Yell&r  from  the  Bhenkarai  patch.     South  of  the  Pamb>&r  lies 
another  patch   of  laterite  which  I  will  designate  as  the  Shdhkotai  (Shawcotta} 
patch.     South  of  the  Manimut-&r  is  a  small  patch  which  may  conveniently  be 
called  the  Serruvayal  patch.     The  most  southerly  spread  of  lateritic  rocks  to  be 
described  lies  around  Sivaganga  and  should  be  named  accordingly  the  Sivaganga 
patch.     Two  of  the  remaining  patches  to  be  considered  lie  to  the  westward  of  the 
general  run  of  the  patches  close  to  the  town  of  Tripatur,  after  which  they  may  be 
suitably  called  the  north  and  soivth  Tripatur  patches.     The  ninth  and  last  patch 
lies  at  the  western  extremity  of  the  Tanjore  patch  on  the  border  of  the  country 
included  in  sheet  79 ;  it  may  for  convenience  be  called  the  Nallwr  patch.     A 
great  number  of  little  patches  too  minute  to  be  mapped  are  dotted  over  the 
gneiss  area  at  various  distances  from  the  present  laterite  boundary,  showing   that 
its  former  westward  extension  was  considerably  greater  than  it  is  at  present, 
and  that  great  part  of  the  original  deposits  has  been   removed  by  denudation. 
Some  of  the  smaller  of  the  far  outlying  patches  have  undergone  so  much  change 
from  weathering  and  reconsolidation  that  they  mi^t   almost  be   reckoned  as 
Bubaerial  formations. 

The  most  remarkable  spreads  of  conglomeratic  laterite  are  to  be  seen  along 
.  the  western  boundary  of  the  areas  in  nearly  every  case, 

but  only  a  few  of  them  need  be  specially  mentioned.  To 
begin  with  the  Tanjore  patch.  Vast  sheets  of  laterite  conglomerate  are  to  be 
seen  to  the  west  and  south  of  Ghindarakotai.  A  little  to  the  north  of  Suriam- 
patti^  especially  the  bare  black  sheets  of  rock  arranged  in  terrases  with  low  steps 
give  the  country  a  strange  appearance.  Where  the  con^omerate  is  covered  with 
soil  the  latter  is  generally  a  very  hard  compact  sandy  clay  of  red  or  yellow  (bath- 
brick)  color  much  marked  by  sun-cracks,  which  run  in  very  regular  systems 
and  give  the  soil  a  tesselated  appearance  on  a  large  scale.  In  the  presence  of 
water  these  lateritic  soils  are  fertile,  but  the  high  dry  downs  they  are  oftenest 
seen  upon  are  generally  waste,  and  bear,  but  little  else  than  a  very  low  scrub  of 
Dodonaa  viscosa  mixed  with  a  few  dwarf  Mimo&a. 

This  low  Bodonaa  scrub  is  quite  a  feature  of  the  hard  lateritic  soil  tracts, 
and  many  instances  of  it  might  be  adduced.     The  yellow  soil  especially  assumes 

'  Pothanavial  of  Atlas  map. 
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not  luifreqiiently  verj  muoh  the  appearance  of  a  gritty  sandstone  withont^ 
however,  actually  possessing  sufficient  coliesion  to  deserve  the  name  of  rook, 
ihongli  in  some  cases  it  very  nearly  merits  being  so  called.  A  good  example 
of  this  may  be  seen  at  Nadduveykotai,  four  miles  west  of  Pattakotai  (Putta- 
cottah). 

Passing  over  to  the  Pudnkotai  patcb  striking  spreads  of  bard  typical  con- 
glomerate are  to  be  seen  in  many  places  near  the  western 
^  boundary  and  even  at  some  miles  distance  from  it^  a.  ^., 

at  Urriur  in  the  extreme  nortb-west  comer  of  the  patch,  also  nearly  all  along 
the  left  side  of  tbe  Vell&r  allnvinm  valley  close  down  to  Arrantangy,  and  to  the 
north  and  nortb-west  of  Alangndi  (Anlangoody). 

Tbe  Sbenkarai  patcb  contains,  as  already  mentioned  above  (p.  150),  an  exten- 
sive and  massive   development   of  conglomerate  in  the 
^"  ^  eastern  slope  of  the  Sbenkarai  ridge  and  tbe  plain  east  of 

it.    This  great  development  of  conglomerate  is  continued  under  tbe  alluvium  of 

tbe  Pambi-&r  and  re-appears  in  tbe  Sbabkotai  patcb  and 
*  is  specially  well  seen  at  Eolanellikotai  (Keelnellicottab), 

where  tbe  walls  of  tbe  extensive  old  poligar  fort  are  built  of  tbe  massive  laterite 
quarried  close  by.  Tbe  conglomerate  is  also  admirably  seen  on  tbe  blufE  east  of 
Neddengoody,  wbicb  may  be  regarded  as  tbe  continuation  of  tbe  Sbenkarai  ridge 
sonth-westward.  From  this  bluff  wbicb  is  crowned  by  a  picturesque  temple 
called  the  Padikisa  Nadar  Kovil,  tbe  ridge  declines  and  is  lost  to  tbe  south- 
west in  a  bigb-lying  plain  of  massive  laterite  extending  without  a  break  to  Pala- 
toor  (Pullatoor).  Tbe  bigb  ground  between  Sburagudi  (Sbooragoody)  and 
Kinigudi  (Gaurgoody)  is  also  covered  by  a  vast  sbeet  of  laterite  conglomerate, 
as  are  also  tbe  bigb  ground  to  tbe  west  and  soutb-west  of  K&ragudi  near  Yalen- 
gadi  and  Kutalur  (Gootbaloor).  Tbe  conglomerate  is  mostly  very  richly  ferru- 
gmona  for  a  laterite,  and  tbere  are  abundant  traces  of  a  once  existing  active  iron 
smelting  industry.  Large  quantities  of  iron  slag  have  been  scattered  about  in 
many  places  where  now  no  iron  is  made. 

In  tbe  Serruvayal  patcb  of  lateritic  rocks  bigbly  ferruginous  conglomerate 

covers  a  large  space  between  Serruvayal  and  Kalel  (Cullel), 
SerntTEjal  patch.  ,  t»7  .  •■o  v 

*    *^  also  near  Faganen  (Pauganary). 

In  tbe  Sivaganga  patcb  spreads  of  conglomerate  of  considerable  extent  are 

frequently  met  witb,  e.  ^.,  to  tbe  nortb-west  of  tbe  town, 
iTagBDga  pa  ^  ^^  ^^^  around  Natarasbenkotai,  to  tbe  nortb-west  of 

Kalliar  Kovil,  and  in  tbe  northern  comer  of  tbe  patcb  near  Wukur  and  Tiruven- 
patti  (Tirroovenputiy). 

In  the  two  patcbes  north  and  soutb  of  Tripatur  tbe  dense  and  bigbly  ferru- 
ginous form  of  tbe  laterite  conglomerate  is  less  developed, 
Tnpatar  patches.  °    ,  i         #  .  j    i  .    - 

and  a  coarse    less  ferruginous  and  less  compact  form, 

including  very  large  quantities  of  gneissic  shingle,  prevails. 

Tbe  Nallur  (Nulloor)  patcb  like  tbe  westernmost  part  of  tbe  Tanjore  patcb 

consists  of  a  more  gritiy  and  rather  less  compact  form 
than  prevails  over  the  spreads  above  enumerated.     Tbe 

rock  is  perbaps  equally  ferruginous,  but  owing  to  its  gritty  cbaracter  sbows  a 
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rongher  duller  surface  with  many  fewer  yermiciilar  cavities.  The  larger  encloBcd 
fragments  of  older  rocks,  which  consist  almost  entirely  of  g^eissic  qnartE,  are 
mostly  sabangolar  or  angnlar,  giving  the  rock  a  breccia-like  appearance.  Well- 
rounded  pebbles  do,  however,  also  occur.  A  conspicuous  example  of  such  a 
breccia-conglomerate  is  that  occurring  to  the  west  of  Payakudi  in  the  north- 
western comer  of  the  Tanjore  patch. 

The  outlying  patches  of  laterite  conglomerate  resting  on  the  gneiss  in  the 
northern  part  of  our  area  agree  generally  in  character  with  the  giitty  variety 
just  described,  but  those  in  the  south-westerly  part  are  of  the  more  typical 
form  with  many  vermicular  cavities  in  the  more  clayey  mass.  The  southern 
patches  when  very  conglomeratic  contain  chiefly  well-rounded  water-worn  pebbles, 
and  approach  in  coarseness  to  some  of  the  typical  conglomerates  of  median 
texture  in  the  Madras  region,  in  which  stone  implements  occur.  Whether  stone 
implements  occur  in  this  southern  laterite  is  a  question  to  which  a  positive 
answer  cannot  yet  be  given,  no  unquestionable  examples  having  afl  yet  been 
found.  I  did,  however,  find  occasional  specimens  of  coarse  quartzose  stone 
which  bore  a  resemblance  in  shape  to  various  forms  of  chipped  implements 
common  in  the  more  northerly  gravels  and  conglomerates,  but  the  material  is  so 
coarse  that  the  chipping  could  not  be  considered  as  positively  artifioiaL  The 
most  undoubtedly  artificial  specimen  was  a  broad  axe-head  found  about  a  mile 
north-north-west  of  Shuragudi  in  the  Shahkotai  patch.  Occasional  fragments 
of  chert  derived  from  unknown  sources  occur  scattered  sparsely  over  the  surface 
of  the  lateritic  conglomerates.  Three  specimens  of  this  chert  appear  to  be  of 
artificial  shape,  one  is  a  flake  of  small  size  resembling  an  arrow-head,  the  second 
a  small  prismatic  core,  the  third  a  thick  oblong  sharp-edged  flake  with  a  distinctly 
serrated  edge  to  one  of  its  longer  sides. 

Several  large  leaf-shaped  flakes,  almost  deserving  to  be  called  implements, 
were  found  by  me  between  YeUam  and  Tanjore,  only  a  little  distance  north  of 
the  line  forming  the  northern  limits  of  sheet  80.  Two  of  these  were  adherent 
to  the  surface  of  the  conglomerate  and  appeared  to  be  genuine  exposures  in  eiiu. 
They  had  to  be  hammered  out  of  the  rock. 

These  large  flakes  appear  to  be  made  of  a  chert  identical  with  that  forming* 
the  great  fossiliferous  blocks  lying  in  the  mottled  gprits  occurring  to  the  east  of 
the  old  fort  ditch  at  Yellam.^  The  small  implements  above  mentioned  are  made 
of  a  much  more  jaspery-looking  variety  of  chert. 

I  cannot  help  thinking  that  closer  search  of  the  shingly  lateritic  beds  such 
as  that  at  Tallakolum  (Tullahoolum),  north  of  Madura,  and  those  occupying  so 
large  a  part  of  the  two  Tripatur  patches,  would  lead  to  the  finding  of  unques- 
tionably recognizable  specimens  of  chipped  implements. 

Of  the  very  numerous  spreads  of  lateritic  gravelly  sands  which  occupy  the 
eastern  part  of  the  lateritic  area,  the  most  remarkable  is  that  cut  through  by 
the  Pdmani  river  at  and  to  the  south  of  Man&rgudi  in  Tanjore  district^  which 
also  extends  close  down  to  the  sea-coast  at  Adrampatam. 

^  See  Mem.  G.  6. 1.,  IV,  p.  36.  A  fresh  collection  of  fossils  from  these  chert  rocks  was  made 
in  1878  to  supply,  as  far  as  possihle,  the  place  of  the  collection  lost  on  its  waj  to  Calcutta  by  the 
wreck  of  the  Aurora  in  1860. 
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The  section  of  these  sands  in  the  bonk  of  the  Fdmani-&r  at  Kara-ldL-k&d 
(not  in  the  map),  a  little  village  about  a  mile  north-east  of  Painganid  (Pynga- 
Kan-ki[.k4d  section.        nand),  shows  the  following  succession  of  beds :— • 

Local  alluvium  ...  ...  ..,        11'— 2' 

Gritty  sands  ...  ...  ...        2' 

Ferrnginons  gravel  with  quartz  fragments        ...        4'  (exposed). 

The  gravel  is  formed  by  accretion  of  quartz  grains  (sand)  with  a  brown 

hesmatitio  cement  into  rudely  rounded  lumps  generally 
irinous  srraveL        ^"^"     about  the  size  of  a  hazelnut.     These  lumps  are  here,  and 

generally  in  the  eastern  part  of  the  lateritic  area^  unglazed 
and  dull  in  appearance ;  further  west,  however,  the  lateritic  gravel  is  generally 
glazed  and  externally  smooth  even  when  fracture  shows  the  interior  to  be  gritty. 
The  shiny  glazed  form  is  also  seen  in  the  lateritic  sands  of  this  part  of  the 
country,  and  a  half  glazed  form  is  not  uncommon. 

Where  bare  or  but  thinly  covered  with  vegetation,  the  surface  of  the  bands 
is  often  covered  by  thin  sheets  of  this  ferruginous  gravel,  from  which  the  sandy 
and  clayey  portions  of  the  original  bed  have  been  removed  by  fluvial  action. 
Where  the  thickness  of  the  gravel  beds  has  become  considerable,  subaSreal  con- 
solidation not  unfrequently  sets  up,  specially  where  the  glazed  form  of  the 
gravel  occurs. 

In  the  northernmost  part  of  the   Tanjore  area  within  sheet  80,  in  the  tract 

lying  along  the  high  road  from  Tanjore  to  Adrampatam, 
landTinto  jrrit.  ^      *^®  lateritic  sands  are  seen  to  pass  down  into  typical  soft 

grits  of  pale  color  containing  but  little  ferruginous 
matter.  These  grits  may  be  seen  at  the  villages  of  Kovilur  (Coviloor),  Karkan- 
koiai  (Gurkancottah),  and  Ulur  (Woolnoor).  The  sections,  which  are  only  in 
the  sides  of  wells,  are  neither  deep  nor  clear  enough  to  show  the  relations  of  this 
pale  grit  with  the  undoubted  Cuddalore  beds. 

The  whole  of  the  eastern  part  of  the  lateritic  area  is  not  everywhere  covered 

by  sandy  beds  :  some  considerable  tracts,  e.^.,  around  Pattu* 

kotai  (Puttucottah)  are  occupied  by  rather  hard  red  loam 

containing  variable  and  sometimes  considerable  quantities  of  lateritic  gravel  of 

the  non-gritiy  glazed  variety.     This  hard  red  loam  graduates  into  the  sandy 

form  imperceptibly.     It  is  generally  confined  to  the  higher  grounds. 

The  bottoms  of  the  shallow  valleys  which  drain  the  area  occupied  by  the  softer 
members  of  tbe  lateritic  series  are  frequently  occupied  by  swampy  ground  or  by 
small  quicksands,  very  unpleasant  to  a  guideless  rider,  and  the  higher  parts  are 
not  unfrequently  very  sandy. 

The  flora  of  the  lateritic  area  differs  in  the  eastern  parts  considerably  from  that 

^       of  the  cnieissic  region  and  of  the  high-lying  area  covered 

Flora  of  lateritic  region.  ..r    ,7    ,  i  .  •  a.  u  j       i  -i 

with  hard  conglomerate  or     quasi-baked    clayey    sous. 

The  sandy  eastern  parts  support  very  extensive  plantations  of  cashew-nut  trees 

{Anaeardiuni  occideniale)y  with  very  frequent  clumps  of  bamboo  and  pandanus. 

Calophyllum  inophyllum  occurs  also  more  frequently  here  than  in  any  other  parts 

of  Coromandel  coast  that  I  am  acquainted  with.     The  jack  tree  (Artocarpue 
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nUigrifolivm)  is  also  coltiyated  to  a  very  great  extent  all  oyer  the  lateritic  area, 
bnt  some  of  these  trees  are  common  on  the  gneisdc  area. 

Of  minnte  plants  one  of  the  most  characteristic,  which  occurs  in  immense 
nnmbers  in  low  lying  damp  sandy  flats,  is  a  small  Drosera  or  sundew,  thoogh 
elsewhere  a  very  rare  plant  in  the  low  country.  A  zoological  peculiarity  of  the 
lateritic  sandy  region  is  the  great  frequency  of  a  large  Spongilla^  or  freshwater 
sponge,  in  many  of  the  shallow  rain-fed  irrigation  tanks.  Nowhere  else  have 
I  noticed  this  sponge  to  be  common  or  to  attain  to  anything  like  the  size  it  does 
in  this  quarter. 

Allttmal  Formaiiona.^-The  alluyial  deposits  coming  within  the  scope  of  this 
paper  are  of  small  extent,  as  only  a  small  section  of  the  south-western  comer  of 
the  Cauyery  delta  was  examined,  and  the  alluyia  of  the  yarious  small  riyers 
trayersing  our  area  are  yery  limited. 

The  western  part  of  the  Cauyery  alluyium  is  formed  of  a  black  clay,  appa- 
rently a  true  regur,  becoming  gradually  sandy  as  the  sea  is  approached.  No 
section  penetrating  through  this  black  clay  was  seen  within  the  limits  of  sheet  80, 
but  a  fresh  excayation  for  the  foundations  of  a  new  sluice  branching  o£E  from  the 
Pamani-dr  just  within  the  area  of  sheet  79,  on  the  road  from  Man&rgndi  to 
Neddamangalam  railway  station,  reyealed  a  bed  of  yery  stiff  blue  clay  full  of 
small  kankar  (grayelly  tufa). 

The  alluyia  of  the  smaller  riyers  is  generally  a  whitish  mixture  of  sandy 
clay  with  lateritic  pellets  and  small  debris  of  quartz  and  gneiss.  The  flats  are 
often  slightly  swampy,  or  barren,  and  unproductiye  from  the  saline  matters 
enclosed.  An  exception  to  the  whitish  alluyium  is  offered  by  the  alluyium  of 
the  Manimut-dr  below  Tripatur,  where  low  cliffs  of  reddish  loam  form  the  riyer 
banks  for  a  couple  of  miles  or  more  aboye  Neddarakotai.  The  alluyium  of  the 
Yaigai  appears  to  be  generally  sandy,  but  no  sections  were  seen,  and  from  oen* 
turies  of  wet  cultiyation  the  whole  surface  must  be  looked  upon  as  really 
"made  ground." 

The  coast  alluyium  near  Adrampatam  is  generally  clayey  near  the  surface 
and  edged  with  a  narrow  strip  of  ill-defined  sandhills.  No  sections  of  the  coast 
alluyium  were  seen. 

Soils. — The  soils  depend  almost  eyerywhere  on  the  underlying  rocks  for  their 
character.  Bed  and  reddish  sandy  soils  abound.  Black  soil  is  not  at  all  com- 
mon.  It  occurs  largely  only  oyer  the  western  side  of  the  Cauyery  delta,  and 
under  a  few  important  irrigation  tanks  where  it  must  be  regarded  as  of  artificial 
origin.  Whitish  clayey  soil  yery  similar  to  the  pale  alluyia  of  the  large  streams 
is  met  with  in  many  yalleys  of  the  eastern  lateritic  areas,  and,  as  aboye  men- 
tioned, often  forms  small  treacherous  quicksands  most  disagreeable  to  the  nder. 

Where  the  conglomeratic  laterite  occurs  two  forms  of  soil  preyail,  both  of 
them  hard  clayey  sands,  the  one  of  bright  red,  the  other  of  pale  yellow  (bath- 
brick)  colors — often  approaching  in  texture  to  true  sandstones.  Many  large 
spreads  of  these  occur  coyered  with  low  scrub  of  Dodonma  viacosa  and  a  few 
dwarf  mimossD  and  other  thorny  bushes,  e.  g.,  on  the  high  ground  to  the  south 
of  Qandarakotai  in  the  Tanjore  patch,  and  again  on  the  high  ground  north- 
east-by-east of  Alangudi  in  the  Pudukotai  patch.     The  surface  of  the'  soils  is 
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often  ooTered  with  light  wreaths  of  grit  and  sand  collected  by  the  prevailing 
winds. 

The  red  soil  is  the  more  common  form,  hut  both  it  and  the  yellow  yariety 
show  frequently  on  the  hardest  parts  of  the  surface  a  semi-metaLIio*looking 
blush  of  blniah«blaek  color. 

Oyer  the  lateritio  bands  the  soil  is  generally  a  nearly  pure,  less  frequently 
somewhat  clayey,  sand. 

Beal  blown  sands  were  very  rarely  noted  within  the  limits  of  sheet  80  as  far 
as  the  survey  extended ;  those  in  the  little  strip  of  coast  examined  in  the  Adram* 
patam  corner  of  Palk's  bay  are  hardly  worth  noticiag,  and  the  same  may  be 
said  of  a  few  low  hillocks  on  the  bank  of  the  Yaigai  river  near  Tirupavanam 
(Trippawanum).  The  most  notable  accumulation  of  sand  raised  by  wind  was 
seen  between  Yadakur  (Yuddaooor)  and  Pinneyur,  three  and  half  miles  south- 
west of  Orten^  Ghattram  (Mootooaumaulpooram  of  the  Atlas  map).  The 
hillocks  here  are  of  very  small  extent,  but  rise  from  15  to  16  feet  in  height ; 
they  are  limited  to  a  very  small  superficial  area. 

Economiio  Geology. — -Few  districts  even  in  the  poor  region  of  Southern  India 
are  so  extremely  destitute  of  valuable  minerals  as  the  country  dealt  with  in  these 
•pages.  Building-Atones,  road«metal,  and  kankar  for  lime*buming  are  at  present 
about  aU  the  material  collected  for  economic  purposes,  with  the  exception  of  a 
little  impure  salt  and  salipetre. 

Iron  used  to  be  smelted  in  some  quantity  from  ores  obtained  from  the 
lateritio  conglomerate  beds  as  testified  by  the  quantities  of  iron  slag  scattered 
over  the  country  and  here  and  there  accumulated  in  large  heaps.  Of  late,  how- 
ever, this  industry  seems  to  liave  died  out  entirely,  for  I  could  not  hear  of  its 
being  now  followed  anywhere,  nor  did  I  come  across  any  villages  in  which  smelt- 
ing furnaces  were  still  in  operation. 

The  compact  richly  f erruginons  laterite  conglomerate  furnishes  endless  mate- 
rial for  rough  building  purposes,  and  is  even  carefully  cut  and  dressed  for  better 
dbss  buildings  now  put  up  at  various  places  by  the  rich  Natukotai  Ghetties,  a 
caste  of  ri<dL  traders  and  souears  who  are  buying  up  much  land  in  many  villages 
on  the  lateritic  area  and  building  palatial  houses  in  every  direction,  besides  tanks 
and  temples.  Many  old  buildings  <rf  importanoe  have  been  built  of  this  stone, 
0.  g.^  the  great  fort  at  Kilanelikotai  and  the  fort  at  Arrantangy.  The  latarito 
of  the  Shenkarai  patch  and  the  northern  part  of  the  Shahkotai  patch  yields  the 
largest  and  apparently  the  most  reliable  uid  homogeneous  blocks  I  have  seen 
anywhere  between  Gape  Gomorin  and  the  Kistna  river. 

Of  gneissic  rooks  the  Puliarputti  banded  gneiss  is  the  most  laigely  used.  The 
great  quarries  four  miles  east  of  Tripatur  are  largely  worked  for  blocks  of  all 
sixes,  up  to  nearly  30  feet  in  length.  The  stone  is  in  great  demand  because  of 
its  beauty  and  moderate  price  owing  to  its  being  easily  quarriable.  Large 
pillars  about  12^  by  3'  by  1'  6''  roughly  dressed  for  the  gates  of  pagodas  or  man- 
tapams  cost  only  Bs.  30  on  the  spot. 

Very  handsome  granite  gneiss  is  quarried  at  Tirkonum,  west  of  Pudukotai, 
and  at  Kunamulla  trigonometrical  station  hiU,  fourteen  miles  to  the  north. 
The  granite  gneiss  at  Virallimallai,  twenty  miles  south-west  of  Trichinopoly 
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on  the  Madura  road,  could  yield  stone  of  very  great  beauty  if  required  (p.  146). 
Less  handsome,  but  very  useful  stone  is  quarried  from  the  granite  gneiss  rocks 
occurring  at  Trimiem  in  Pudukotai  State,  and  at  foot  of  the  AnaiTnallai  near 
Madura  (p.  147). 

My  stay  at  Madura  was  too  limited  to  allow  of  any  enquiry  into  the  question 
of  the  localities  which  yielded  the  splendid  black  homblendio  rock  forming  the 
noble  pillars  to  be  seen  in  Trimal  Naik's  palace,  one  of  the  most  remarkable 
buildings  in  India.  The  quarries  which  yielded  this  stone  and  the  homblendic 
rock  carved  into  the  many  bold  striking  figpires  and  statues  in  and  about  the 
great  Madura  pagoda  were  not  among  those  seen  by  me,  and  doubtless  lie  beyond 
the  limits  of  the  gneissic  area  surveyed. 

Some  of  the  finest  and  boldest  carvings,  both  of  statues  and  scroll  work  that 
can  be  met  with  in  Southern  India,  are  to  be  seen  at  the  Avadiar  Kovil,  or  temple, 
in  the  southernmost  comer  of  Tanjore  district.  The  great  mantapam  in  front  of 
the  temple  gate  is  an  architectural  work  of  great  beauty  and  noble  proportions, 
far  better  worth  photographic  illustration  than  many  other  buildings  that  have 
been  made  known  to  the  publio.  Unfortunately  it  is  so  much  off  the  beaten 
track  that  very  few  know  of  it,  and  hardly  any  one  visits  it.  The  stone  used  is 
said  to  have  been  brought  from  Trimiem  and  Tirkomum,  but  is  more  ^hom- 
blendio than  any  of  the  rocks  seen  at  those  places. 

The  great  temple  at  Man£rgudi,  on  the  western  edge  of  the  Cauvery  delta, 
is  largely  built  of  gneiss  from  an  unknown  locality,  but  which  must  have  been 
brought  a  distance  of  fully  fifty  miles,  supposing  it  to  have  come  from  the  very 
nearest  quarries^  those  of  Mammallai,  eight  miles  east-south-east  of  Trichinopoly. 
These  quarries  may  well  have  yielded  all  the  slightly  homblendic  pale  stone  used  at 
Manirgudi  and  also  at  the  great  Tanjore  temple,  excepting,  probably,  the  &unoua 
great  bull  and  a  few  other  large  monoliths  of  much  more  homblendic  character. 
It  is  not  known  for  certain  where  these  were  quarried,  but  I  suspect  they  came 
from  a  bed  of  very  homblendic  gneiss  at  foot  of  the  Pachamallais  near  Peram- 
balur  in  Trichinopoly  district.  My  reason  for  suspecting  this  is,  that  when  at 
Tiromanur  in  1878,  on  the  left  bai^  of  the  Goleroon  to  the  north  of  Tanjore, 
I  saw  several  very  fine  monolithic  blocks  of  dark  black  homblendic  rock  lying 
on  the  river  bank.  These  were  said  to  have  been  brought  there  by  the  late 
Bajah  of  Tanjore  from  a  quarry  close  to  Perambalur  to  be  used  for  a  temple 
which  was  never  built.  This  very  black  stone  much  more  resembles  the  black 
monoliths  in  Tanjore  pagoda  than  anything  yielded  by  the  quarries  south  of 
the  Cauvery. 

Great  complaints  are  made  in  the  southern  taluqs  of  Tanjore  district  of  the 
want  of  proper  road-metal  for  the  roads  in  those  very  sandy  regions,  but  this 
difficulty  might  be  largely  met  by  screening  out  the  lateritic  gravel  which  occurs 
in  large  quantity  in  the  sands  in  very  many  localities  along  the  Manltrgudi  and 
Adrampatam  roads. 
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Bough  Notss  ok  the  Cbstagbous  Fosbils  fboh  Tbichinopolt  Distbigt,  collected- 
i»  1877-78,  hy  B.  Bruce  Foote,  F.G.S.,  Qeohgical  Survey  of  India. 

The  following  notes  have  reference  cliieflj  to  the  fossils  I  collected  in  1877 
from  the  XJtat^  and  An'aldr  groups,  at  XJtatiir,  Maravatdr,  Odium,  Arrialdr, 
and  MalltSr,  which  alone  received  any  careful  examination.  The  fossils  from  the 
other  localities  received  as  a  whole  merely  cnrsory  inspection  while  being  arranged 
for  nambering.  The  term  "  new  species'*  that  will  be  found  used  here  and  there 
implies  only  that  the  fossil  does  not  agree  with  the  figures  and  descriptions  of 
species  described  by  Dr.  Stoliczka  in  the  PalsBontologia  Indica. 

Sponges, — ^A  special  feature  of  the  collection  is  the  large  number  of  sponges  it 
contains  as  compared  with  the  far  lar^r  collection  originally  made  at  the  time 
the  geological  survey  of  the  district  was  being  carried  out.  Dr.  Stoliczka  fig^ures 
only  two,  which  he  refers  to  the  genus  Svphowia. 

Among  the  sponges  collected  by  me  are  numerous  specimens  belonging  to  the 
very  important  and  characteristically  cretaceous  family  of  VefntriGtiUtes.  These 
were  found  mostly  weathered  out  of  a  bed  of  limestone  south-west  of  Maravattir 
{Loc,  10),  very  low  down  in  the  tJtatur  group.  They  belong  apparently  to 
three  species,  or  varieties,  of  different  form  and  texture  (e.^.,  Nos.  5,  6,  7, 
18—20,  45  and  49).  Many  show  the  characteristio  network  extremely  well  {e,g.^ 
No.  49). 

With  these  Ventriculites  occurred  several  specimens  belonging  to  another 
group  (f  Spongites)y  showing  quite  dissimilar  texture  (Nob.  8  to  14). 

The  same  bed  of  limestone,  which  forms  a  small  knoll,  yielded  a  considerable 
number  of  other  fossils,  all  of  which  were  collected  from  a  very  linodted  space,  only 
a  few  dozen  square  yards  in  extent.  The  most  numerous  of  these  were  spines 
and  plates  of  Gidarids;  Belemnites  were  found  in  considerable  numbers;  a 
few  small  Anunonites,  with  other  shells  and  corals,  were  also  obtained.  The 
large  Pecten  (No.  50)  came  from  another  bed  rather  nearer  to  Maravatdr. 

A  numerically  much  larger  number  of  sponges,  of  a  small  cup-shaped  group, 
Naicolnm     "sponge     "was  obtained  from  one  of  the  lowest  beds  of  the  XJtattir 
l)^"  group,  exposed  at  head  of  a  guHj  opening  eastward,  a  few 

yards  east  of  the  old  Madras  road,  jths  of  a  mile  south-south-west  of  Nai- 
colnm (Loc.  3).  These  were  found  with  a  great  number  of  other  fossils  on  the 
weathered  outcrop  of  an  argillo-calcareous  sandstone.  With  the  cup  sponges 
was  one  specimen  of  a  mamillated  species  (No.  278).  A  large  specimen  (No.  32) 
of  clavate  form  was  also  found  weathered  out  of  the  same  bed,  but  originally 
derived  without  doubt  from  the  coral  reef  limestone  at  base  of  the  Utatur 
group. 

Two  other  sponges  were  obtained  from  the  middle  part  of  the  Utatiir  group 
exposed  north  and  north-west  of  Odium  {Loc,  21).  Of  these,  which  are  numbered 
14  and  15,  the  latter  appears  to  be  a  Siphonia. 

Vertebrate  renuHns.-'-'A  number  of  large  vertebrae,  apparently  reptilian,  veiy 
like  those  of  Ichthyosaurus,  were  found  by  me  in  the  clays  north-east  of  XJtattir. 
Nine  out  of  sixteen  lay  together,  in  apposition,  when  1  found  them,  but  were 
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nnf ortonately  disturbed,  before  I  had  time  to  niimber  them,  bj  an  officious 
ooUector,  in  diroot  contraTention  of  bis  orders.  The  otibere  bad  been  ifaabed 
down  the  slope  of  the  rain  guHj  in  whidi  thej  were  exposed,  bat  thej  all 
doubtless  belonged  to  the  same  individual.  I  have  had  no  opportunity  of  com- 
paring them  with  figures  of  known  IcMhyoscmrus  vertebrsd.  They  are  nnmbered 
047—63. 

The  seven  shark's  teeth  (marked  043)  belonged,  I  believe,  to  the  shark  that 
yielded  the  large  vertebrsd  Nos.  34  40.  They  were  all  found  quite  close  together, 
weathered  out  of  one  of  the  large  earthy  ferruginous  concretions,  at  only  a  short 
distance  from  the  large  reptilian  vertebrie. 

A  noveliy  among  XJtat&r  fossils  is  the  IchthyodorulUe  (No.  460). 

MolJmce^ — The  chief  noveltiee  are  several  BhynekaltieBf   or  mandibles   of 

Nautili,  belcmging  to  two  if  not  to  more  species.    Three 

^^  of  small  size,  not  well  preserved,  were  obtained  from  the 

ontorop  of  the  '^  sponge  bed"  (Loe.  3).  Two  others,  one  larger  of  rather 
different  form  (^Nos,  24  ^md  250)  were  found  in  the  Utatdr  days.  Two  other 
peculiar  bodies  (0  26  (md  27)  bearing  some  resemblance  to  Ekyneholitest  but  both 
apparently  somewhat  broken,  were  also  found  in  the  Utat^  days. 

Embedded  in  the  day  filling  the  body-diamber  ol^  a  nantalus  from  Utattir  is 

a  singular  body  (No.  23ciO),  somewhat  fruit-like  in  ap- 
^^ '  ^*  pearance,  that  I  was  unable  to  determine.     I  wish  to  draw 

special  attention  to  it. 

From  the  same  locality  (O)  came  what  appears  td  be  a  new  Belemnite  (028) 

of  short  squat  form  and  blunt  pointed^  quite  unlike  any 
'''^  figured  in  the  Pidfltontologia  Indica.    It  is  much  the 

rarest  form  of  all  occurring  in  the  Utatdr^  clays. 

The  long,  thin,  sharp  pointed  Belemnite  (No.  31)  occurs  chiefly  in  the  higher 
clay  beds. 

Interesting  specimens  of  Belemnites  are  numbers  67,  68,  and  69  from  Odium 
(^Loc.  21),  parts  of  phragmoconee,  the  latter  of  very  large  size.  No.  70  shows 
great  part  of  the  pro-ostracum. 

Among  the  AmnumUida  No.   88,  from  Anapadi  {Locy*  15),  may  be  a  new 

speeies,  fc»r  it  does  not  agree  with  any  of  those  figured  by 
Ammonites.  f«j  i.    i 

StoUczka. 

Of  the  rare  form  A,  kalOca  founded  by  Stoliczka  on  a  unique  specimoi  from 
the  Arrialtir  beds  east  of  Utakoil,  a  second  example  {OK  16)  was  found  by  me 
at  the  same  place.    It  is  in  good  preservation. 

Of  another  rare  form,  A.  xetra^  based  by  Dr.  Stoliczka  on  two  specimens  from 
Cunum,  a  third  example  was  procured  at  the  same  plaoe.  It  is  a  young  speci- 
men and  unfortunately  much  broken  (20o  55). 

An  apparently  new  species  of  Twrtilites  with  very  delicate  transverse  ribbings 

^    .,.,  on  the  whorls  was  found  by  me  west  of  Arrialdr  (Loc.  A^ 

Tnrrilitw.  *,.-.« 
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N*d.  18  from  the  same  locality  would  alBO  appear  to  be  a  new  species  of 
Bteolitef.'  Btumlitea^  imless  it  be  part  of  a  Ptychoceras, 

Of  this  Oasteropoda  that  I  had  time  to  examine  and  to  compare  with  Stoliczka's 
^^^^  figures  in  the  PalsBontoIogia  Indica,  several,  which  I  enu- 

^^'  merate  below,  appear  to  differ  to  a  considerable  extent^ 

BBd  may  very  p^bably  be  new  species  or  varieties — 

NcrineMy     sp.  .                •        •        •  Lo^.  IV  No.     4 

Scalm            , „       A'  „  141 

Ganoellam,  „ »       m  m  1-^ 

Velntuia  P  ......  n       »  n  1^ 

SigaretiuP' >t       »  »  160a 

KaticA»  ip.  ......  •»       M  »  151 

GanthariduB  ? >t       m  n  166 

Thjlaoodet »,       >.  »  159 

IVoobaetcBon? >»       >.  ff  100 

Dentalium  >»#.»*  103 

FaBdoUuria ,,    21Ei  ,,  82 

Solariom  >»    24^  »  68 

'  Locality  11  ia  nortb  and  north-west  of  MaraTat6r. 
M         A  west  of  Aiialtbr. 
,p        21E  north-east  and  west  of  Odium. 
M        24^  reef  in  stream  half  a  mile  below  Yeraghdr. 

Among  the  Pelecypoda  the  following  forms  appear  to  be  new,  i.  e.,  unfigared, 
Felecypoda.  by  Dr.  Stoliczka  :— 

Ostrea*  sp.            Locy.  11  No.  14 

Fholodomja? fi  A.  »  10 

PtoqpsBt,  sp« $t  »9  »  18 

Tellina,      ,»          ..••••••  m  »t  m  27 

Trigoma,    , w  m  m  46 

Avieala»      »» »f  »«  m  01 

DittOb          „..••••••  tf  M  w  02 

Mym,           „         . „  21>  „  47 

Esogjnw     » „  27>  ,,  73 

I  Locality  21  is  north-west  and  north  of  Odiam. 
„        27  is  east  of  Karap&dy. 

A  singular  plicated  tnbe  of  doubtful  molluscan  or  annelidan  origin  is  specimen 

^  ,,       No.   24,   from  the  coral  reef  limestone  near    Naicolum 
Plicated  tnbnlar  shelL        .,       -kr     a\ 

{Loe.  No.  2). 

Echmodermata. — The  small  echinoderm  No.  5,  from  the  ''  Sponge  bed  "  south 
of  Naicolom  (Loc.  3),  appears  to  be  new,  as  does  also  the  encrinoid  joint  No.  4. 
The  same  may  be  said  of  an  encrinoid  joint  found  in  the  TJtat&r  clays  (0.  No.  64). 

Bryozoa. — ^Two  very  beautiful  smaQ  BIyozOl^  Nos.  129  and  130,  were  obtained 
by  me  from  the  *' Sponge  bed"  (Loc.  No.  3).  They  are  quite  different  from 
anything  figured  in  the  Palasontologia  Indica. 
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Oorals, — Considerable  numbers  of  a  very  delicate  littiLe  oup  coral  (C.  E, 
Nos.  1 — 65)  were  found  in  white  clays  half  a  mile  east  of  the  Gudic4d-Gnllp&dy 
road,  and  rather  nearer  to  the  latter  plage.  They  appeared  confined  to  a  yeiy 
small  area,  and  were  not  met  with  elsewhere. 

Plants, — Plant-remains,  fossil-wood  excepted,  are  very  rare  in  the  Trichinopoly 
cretaceous  beds,  but  a  few  obscure  specimens  were  obtained,  e,  ^.— - 

An  impression*  of  a  longitudinally  ribbed  stalk  found  at  Seragandr  (S.  No.  15). 

A  minute  piece  of  a  cycadeous  (?)  leaf  in  an  indurated  clay  nodule  from  the 
XJtatiir  beds  north  of  CudidLd  (G.  No.  3). 

Minute  fragments,  apparently  of  cycadeous  leaves,  are  traceable  in  some  parts 
of  small  clayey  nodules  from  the  XJtatur  beds  (Nos.  Q7—^20). 

Locality  No,  2.— The  collection  of  fossils  obtained  from  this  patch  of  coral  reef 
limestone  is  a  very  important  addition  to  the  fauna  of  this  rather  obscure  form- 
ation, which  yielded  but  little,  if  I  mistake  not,  to  earlier  searches.  My  success 
in  procuring  specimens  was  due  to  the  limestone  having  been  quarried  to  some 
extent  quite  recently.  All  the  specimens  found  I  obtained  from  the  quarry  chips, 
with  only  one  or  two  exceptions. 

Locality  No,  3. — ^This  locality,  which  does  not  appear  to  have  been  known  to 
Mr.  Blanford  as  a  rich  hunting  ground,  shows  three  sets  of  fossiliferous  beds, 
the  lowest  being  coarse  calcareous  gritty  beds  with  a  few  fossils  and  many  washed- 
up  pebbles  of  the  coral  reef  limestone,  also  some  masses  almost  deserving  the 
name  of  boulders  of  the  same  rock.  On  these  rests  the  **  Sponge  bed,"  an 
argillo-calcareous  sandstone.  On  this  again  lies  a  clay  bed  with  large  indurated 
nodules,  containing  occasional  Ammonites  and  Nautili  with  a  few  other  shells. 
These  are  easily  distinguishable  by  their  light  color,  pale  yellow  or  buff,  while 
the  "  Sponge  bed  "  fossils  and  those  from  the  lower  beds  are  mostly  of  a  dis- 
tinctly brown  color. 

The  fossils  from  the  "  Sponge  bed "  were  nearly  all  found  within  a  veiy 
small  space  of  ground,  on  the  very  basset  edge  of  the  beds,  or  the  upper  two  or 
three  feet  of  the  gritty  talus.  The  fossils  met  with,  beside  the  sponges,  rhyn* 
cholites,  echmoderms  and  encrinoid  joints  already  mentioned,  were  Cidaris  spines, 
Belemnites,  small  Corals,  Bryozoa,  Serpulas  in  great  variety  and  numbers,  large 
numbers  of  Tubuhstefum  caHosunif  numerous  GiyphsBa  and  Oysters,  and  lastly,  a 
number  of  small  shells,  both  Gasteropoda  and  Pelecypoda,  not  forgetting  a  few 
small  Ammonites.  I  do  not  recollect  any  other  fossil  locality  in  which  I  obtained 
80  rich  a  collection,  in  an  equally  small  space,  reckoning  the  richness  by  the 
number  of  species. 

Locality  "  0." — Mr.  Blanford,  in  his  Memoir  on  the  cretaceous  rocks,  speaks  of 
the  small  clay  nodules  near  UtattSr  as  hardly  ever  containing  any  fossils.  This 
statement  is,  I  think,  rather  too  strong,  and  calculated  to  deter  future  collectors 
from  searching  one  source  of  valuable  fossils.  My  own  experience  is,  that  they 
are  not  common  in  the  small  nodules,  but  still  common  enough  to  encourage 
search.  I  got  several  (eleven  I  think)  in  a  morning's  general  search,  without 
devoting  more  than  half  an  hour  specially  to  breaking  nodules.  Two  of  the 
eleven  are  certainly  valuable  specimens,  the  rhyncholite-like  bodies  referred  to 
above  (Nos.  26  and  27). 
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Notes  on  thb  genus  Bphenophtllum  and  other  EguisETACEiB  with  beferencb  to 
THE  l2n>iAN  form  Tbiztgia  speciosa,  Bojle  (Sphenophyllwm  trizygta,  TJng,), 
by  Ottokab  Feisthantbl,  Jf  J).,  PaUeontologist,  Oeological  Survey  of  India. 

Last  year  a  peculiar  discovery  was  announced  bj  Mr.  Stur,  at  Vienna,  on  the 
relations  of  certain  genera  of  Equisetaceons  plants  in  the  coal-formation.  The 
observations  refer  also  to  the  genns  Sphenojphyllum  ;  so  it  will  not  be  out  of  place 
to  note  this  discovery,  and  to  add  some  remarks  on  those  plants  with  reference  to 
the  Eqnisetaceons  plants  in  the  Indian  coal-beds,  especially  to  Trizygia  speciosa. 
The  most  common  genera  of  the  Equiseta/^em  in  the  carboniferons  formation  are 
those  which  were  described  as  Oalamites  (Snckow,  1784),  Asterophyllites  (Brong- 
niart,  1828),  Annularia  (Sternberg,  1822),  and  Sphenophyllvm  (Brongniart,  1828). 
These  were  all  described  as  distinct  genera. 

In  1852,  however,  Professor  Bitter  von  Ettingshansen,^  placed  the  genns 
Asterophyllites,  as  "  rami  et  ra/imHi^^  to  Oalamites,  althongh,  as  it  appears,  there 
was  no  direct  evidence  for  the  proceeding.  In  1869  Mr.  W.  Carmthers  *  nnited 
aU  the  three  genera,  i.e.,  Asterophyllites,  Annula/ria,  and  Sphenophyllum  to  one 
gronp  nnder  tiie  name  Calamites,  considering  them  as  three  different  forms  of 
foliage  of  this  one  genns,  although,  as  it  appears,  the  author  had  no  direct  evidence 
for  this  theory. 

Professor  Schimper  (1869)  placed  the  genns  Asterophyllites,  which  he  named 
CaUmiocladus  nnder  the  heading  ^^rarni  et  ramuli  foliosi,"  to  Oalamites;  but 
Sphenophylhmh  and  An/nularia  remained  independent  genera. 

Professor  Weiss  (1871)  again  '  urges  the  independent  nature  of  all  the  genera 
abovenamed ;  and  so  does  Professor  Heer,  even  in  his  recent  publications. 

In  1874  it  was  shown  by  Professor  Williamson,*  who  based  his  conclusion  on 
the  microscopical  structure,  that  Asterophyllites  and  Sphenophyllum  were  very 
closely  related  genera. 

In  1876  another  systematical  place  was  assigned  to  Sphenophyllum  by  Pro- 
fessor Schenk,*  who  arrived  at  the  conclusion  that  Sphenophyllum  is  more  related 
to  the  LycopodiaceiB  than  to  the  Equisetacea, 

To  this  Mr.  Stur  wrote  a  reply  under  the  title  **  1st  das  Sphenophyllum  in  der 
ThateineLycopodiacesB,'"  where  he  endeavoured  to  show  that  the  systematical 
position  of  Sphenophyllum  is  with  the  Equisetacea:, 

So  stood  the  case  till  last  year,  when  Mr.  Stur  announced  his  discovery,^ 
which  was  as  f oUows :  On  a  slab  of  shale  were  found  several  branches  of  an  Astero- 
phyllites  with  branchlets,  which  showed  the  foliage  of  a  Sphenophyllum  (Sph. 
dichotomum),  and  had  a  fructification  of  the  kind  of  VoUem^nnia,  (Stur).    On  other 

^  Steinkohlenflora  yon  Badnitz,  Abh.  d.  k.  k.  geol.  Beicbsanstalt,  Vol.  II,  p.  24. 
'  In  Seeman'i  Journal  of  Botany,  1867. 

*  FoMile  Fl.  d.  jungst.  Steinkohlf .  nnd  dee  Bothliegenden,  Ac.,  pp.  107, 108,  2nd  Part. 

*  FUloMph.  Tnuu.  B.  Soc.,  Vol.  16^  p.  41  e^  mj.,  1876. 
«  N.  J.  f .  M.,  1877,  p.  435,  B«fer. 

*  Jahrb.  d.  k.  k.  geol  Bcbatit.,  1877,  Vol.  XXVII,  pp.  7—32. 

7  YerbandL  d.  k.  k.  g«ol.  Beisbmnstalt,  1870,  p.  827.  See  K.  Jabrb.  f .  Min.,  Ac.,  1879,  pp.  250 
and  260. 
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Bpeoimens  the  same  AHerophyUUes  is  aaid  to  liaye  a  froctification  of  the  kind  of 
Brtukmannia  (Star),  and  to  be  preserved  in  such  a  manner,  that  it  has  to  be 
considered  as  branches  of  Odlamdtea,  preserved  on.the  same  slab  of  shale. 

The  conclusions  to  which  Hr.  Stnr  arrived  are  that  Sphenophyllum  is  no 
pecnliar  genns,  but  belongs  to  AslerophylUieSf  and  both  Aaterqphyllites  and  Sj^he" 
nojphylliMTV  are  branches  of  Calamviies. 

Professor  Williamson  and  Professor  E.  Weiss  have  published  their  opinions 
about  this  remarkable  discovery.^ 

Professor  Williamson  considers  the  connection  of  a  Sjphenophtflltm  and 
AsterophyllUes  as  quite  probable,  and  finds  in  it  the  confirmation  of  his  own  views 
on  the  relation  of  Asterophyllitea  and  Bj^henophyllum  ;  but  he  thinks  it  impossible 
that  both  these  genera  should  be  the  branches  of  a  Calamites  of  the  prdinaiy 
type,  as  it  occuics  in  England,  the  .structure  of  AsteropJiT^llites  and  Sjphenaphy}lum 
being  totally  different  from  that  of  OaZc^ites. 

Professor  Weiss  concurs  with  Professor  Williamson  as  regards  the  impossi- 
bility of  Asterophyllitea  and  Bjphenophyllum  belonging  to  Oalamitesj  but  he  is  not 
>  prepared  to  accept  the  vie^w  that  all  AsterophylUtea  and  S^heThoiphyUym  should  be 
.closely  related,  and  he  .finds  a  distinguishing  qhfkracter  in  the  fructification*    He 
says  (L  c),  P-  264 : — 

''From  the  admission  that  branches  ^th  tl^e  appearance , of  ^^6rqp^yKi(6« 
and  Sphenophylhm  ^pay  be  found  on  the  same  plant,  as  observed  by  Stur,  it 
would  not  at  all  follow  that  AsterophylUtea  in  general  is  ide;ntical  with  Sphetuh 
phyllwn,  and  still  less  that  both  these  should  be  identical  with  Oalamites.** 

Professor  Weiss  therefore  seems  to  allow  that  Asterophyllitea-Mke  branches 
may  be  found  with  Sphenophyllvmi'lilDB  branches  on  the  same  plant,  there  being 
also  two  other  genera,  t.e.,  Oingularia  and  Botomanites,  which  have  AsterophylHtes- 
like  stalks.  S^henophyllvm  and  Asterophyllites  of  the  carboniferous  formation 
also  agree  in  the  arrangement  of  the  leaves,  all  being  arranged  in  whorls.  But 
still  he  mai^n^-f^-^Tia  the  independence  of  Sjphenophyllum  in  other  cases. 

If  we  now  turn  to  the  Equisetaceous  plants  in  the  Indian  coal-beds,  we  find 

especially  thi?ee  forms— 

Phyllotheca  (not  very  frequent,  and  in  the  Baniganj  group  only). 
Schizoneura  (rare  in  the  Barakar  group,  but  very  numerous  in  the  Rimiganj 

group). 

Trizygia  (in  both  the  Barakar  and  Baniganj  groups). 

Besides  these  many  other  stalks,  without  cer^in  affinities. 

The  genus  Phyllotheca  is  known  from  the  lower  (paleozoic)  coal-beds, 
the  Newcastle  beds  and  Wianamatta  beds  in  New  South  Wales,  and  from  the 
upper  mesozoic  beds  (Bellarine-beds)  in  Victoria ;  from  jurassic-beds  in  Siberia 
(Altai,  Lower  Tungutska  river'  and  Eastern  Siberia),  and  in  Italy. 

1  N.  Jahrb.  f .  Min,  1870,  pp.  266  and  260. 

*  The  f ormatdon  with  fossil  plants  in  these  two  difltriets  is  jorassic,  according  to  the  last  com* 
mnnication  of  Prof.  Schmalhansen  (BalL  d.  I'Acad.  des  So.  d.  St.  Petersbonrg,  Vol.  XI,  pp.  77-81), 
containing  Phylloiheeaf  Sphenopi,  antkrueifoUa,  Atplenwm  whUbieKte,  tbt.  tenne^  ZanUte*  mm 
flexu$,  Podoxamitet  eiehwaldi,  Otenophyllum,  Bkiptoxamitei  (I96g^geratbia),  Cfxekano¥f8kia  rtgida^ 
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There  is  no  represeniatiye  of  this  fossil  plant  in  the  carboniferous  beds  of 
Enrope,  the  leaves  being  joined  to  an  undivided  spathe  at  their  base,  and  free  in 
the  npper  part. 

As  regards  the  other  two,  Sckizoneura  and  Trizygia,  I  find  the  following 
remark  abont  them  in  Grand'-Euiy's  great  work  on  the  carboniferous  flora  in 
France,'  page  404 : — 

"  n  f aut  cependant  bien  reconnaitre  que  oertaines  plantes  des  terrains  secon- 

daires  inf^rieurs  ont  des  attaches  avec  celles  des  terrains  primaires le 

Trizgyia  speeiosa  de  Royle,  resemble  k  un  Bphenophyllvm  ohlongifoUum  qui  devi- 
endrait  beacoup  plus  ample ;  les  Sckizoneura  du  grds  bigarr6  y  suppl^raient  aux 
Asteraphy  UUesJ" 

As  &r  as  Bchizoneu/ra  is  concerned,  this  thesis  seems  probable,  this  genus 
also  having  linear  leaves,  in  whorls,  which  are  however  in  most  of  the  cases 
joined  to  two  broader,  encircling  leaves,  which  morphologically  originated  from 
a  spathe  (sheath),  to  which  all  the  leaves  are  joined  in  the  beginning  of  the 
growth  of  the  plant. 

With  Trizygia  we  will  have  to  admit  a  slight  modification.  THzygia  was  first 
proposed  by  Boyle  on  account  of  the  arrangement  of  the  leaves,  always  six  in 
three  pairs  on  one  side  of  the  joints ;  this  character  is  completely  constant  in  all 
the  specimens  hitherto  observed ;  the  species  was  Triz,  speeiosa. 

Mc'Clelland  (1860)  described  it  as  Sphenophyllum  speciosum ;  XJngor  (1850) 
as  Sphenaphyllu/m  trizygia. 

1  myself  followed  XJnger's  example  in  my  first  notices  on  the  Damuda  flora 
(1876) ;  but  after  these  various  researches  on  the  nature  of  the  carboniferous 
Equisetacecdf  I  would  return  to  Boyle's  original  denomination,  i,  e.,  Trizygia. 

From  the  preceding  notes  on  the  genus  Asterophyllites  and  Sphenophyllum^ 
it  would  appear  that  some  forms  of  these  two  genera  may  belong  to  the  same 
plant,  but  in  some  other  cases  Sphenophyllum  is  an  independent  genus. 

In  the  Indian  coal-fields  the  form  Trizygia^  said  to  be  representative  of  the 
carboniferous  Sphenophyllum^  is  not  associated  with  any  Asterophyllites,  there  being 
no  true  Asterophyllites  found ;  nor  can  it  belong  to  Sckizoneura^  which  to  some 
extent  can  be  considered  as  representing  the  Asterophyllites;  for  amongst  the 
very  numerous  specimens  of  Sckizoneura  from  the  Indian  coal-beds,  not  one 
specimen  was  observed  which  would  show  that  the  Trizygia  might  in  some  way 
be  connected  with  Sckizoneura  ;  in  the  Talchir  coal-field  there  is  Trizygia  without 
Sckizoneura,  and  in  the  European  Trias,  where  Sckizoneura  occurs,  no  trace  of 
any  form  of  the  kind  of  Trizygia^  or  any  Sphenophyllum,  has  hitherto  been 
detected.  Trizygia  can  therefore  very  well  be  considered  an  independent  genus, 
having  no  connection  with  Sckizoneura,  as  those  forms  of  Sphenophyllum  which 
have  no  connection  with  Asterophyllites ;  but  I  also  think  Trizygia  will  have 
to  be  considered  as  differing  from  the  true  Sphenophyllum. 

In  this  latter  the  leaves  are  arranged  in  complete  whorls  round  the  joints,  and 
the  stalk  is  pretty  thick,  so  that  wo  have  to  consider  it  as  an  erect  plant,  growing 

1  Flore  cAi'boiiif^rc  du  Dptmt.  dc  la  Loire  ct  du  Centre  de  la  France,  1877. 
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above  tlie  surface  of  water,  like  Asterophylliies.  In  the  Indian  plant,  however, 
the  leaf  whorls  are  incomplete,  there  being  alwajs  only  six  leaves,  on  one  side 
of  the  joint,  arranged  in  three  pairs ;  the  stalks  are  thin  in  comparison  with  the 
size  of  the  leaves,  showing  perhaps  that  the  Trizygia  was  a  plant  which  floated 
on  the  surface  of  water. 

In  my  paper  on  some  fossil  plants  from  Bamganj,*  althotlgh  placing  the 
Indian  form  with  Sphenophyllum,  I  pointed  ont  all  these  differences,  and  distin- 
guished two  groups  of  Sphenophyllum, 

At  present  I  would  formulate  my  view  in  the  following  manner : — 

EQUI8ETA0EJE, 

Calamabiea. 

Group:  SphenophylloideoB. 

a.-— Leaf  whorls  complete  round  the  joint ;  number  of  leaves  variable ;  leaves 
of  the  same  size  and  shape  in  the  same  whorl. 
The  true  carboniferous  Sphenophyllum. 

h. — Whorls  incomplete  on  one  side  of  the  joints ;  number  of  leaves  six, 
arranged  in  three  pairs,  of  which  each  differs  from  the  other  in  size 
and  partly  also  in  shape  of  the  leaves. 

The  Trizygia  of  the  Indian  coal-beds. 

In  this  sense  Trizygia  may  be  considered  as  representative  of  the  carbonifer- 
ous Sphenophylltim,  but  is  an  independent  genus. 

Wo  have  therefore— 

Phyllotheca,  representing  in  the  fossil  flora  the  living  Equisetum, 

Schizoneura,  representing  perhaps  the  genus  Asterophyllites  of  the  palseozoio 
formation. 

Trizygia,  representing  the  genus  Sphenophyllunif  although  differing  from  it. 


On  Mysorin   and   Atacamitb   pbom   the  Nellorb  Distbict,  hy  F.  B.  Mallet, 

F.  G.  S.,  Oeological  Survey  of  India. 

Mysorin, — ^The  occurrence  of  copper  in  the  District  of  Nellore,  as  well  as  in 
other  adjacent  parts  of  the  country,  appears  to  have  been  first  brought  to  the 
notice  of  Government  by  Dr.  Benjamin  Heyne  in  the  early  part  of  the  present 
century.  In  his  "  Tracts  on  India,"  published  in  1814,  an  account  is  given  of  the 
rocks  in  the  metalliferous  region,  and  some  details  as  to  the  nature  of  the  ore. 
But  the  working  of  the  mines,  which  appears  to  have  been  carried  on  extensively 
at  an  earlier  period,  was  in  abeyance  at  the  time  of  Dr.  Heyne's  explorations,  so 
that  he  was  unable  to  obtain  any  reliable  information  as  to  the  mode  of  occurrence 
of  the  ore,  or  its  quantity.     He  was  led,  however,  to  suppose  that  the  amount 

*  Jour.  As.  Soc.,  Bciignl,  1876,  p.  342. 
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'^ras  rery  considerable,  and  that  the  working  of  tlie  mines  '^  liad  not  been  given 
up  for  -want  of  ore,  bnt  from  the  jealoxufy  of  the  Bajahs,  who  wished  to  hido 
finch  a  treasure  as  long  as  possible  from  their  superiors."  Specimens  of  copper 
ore  were  obtained  bj  Dr.  Heyne,  from  near  the  surface,  in  several  localities. 
Most  of  it  was  "  malachite  and  mountain  green,"  but  there  was  also  a  dark*colored 
ore,  intimately  associated  with  the  above,  a  sample  of  which  was  sent  to  London, 
and  analysed  by  Dr.  Thomas  Thomson.  His  results  were  published  in  the 
Philosophical  Transactions  for  1814,  and  were  reprinted  as  an  appendix  to  Dr. 
Heyne's  work  above  referred  to.  Dr.  Thomson  described  the  ore  as  follows : — 
*'  All  the  specimens  of  this  ore  which  I  have  seen  are  amorphous ;  so  that,  as  far 
as  is  known  at  present,  it  never  occurs  crystallized.  Quartz  crystals  indeed  are 
imbedded  in  it  abundantly  and  very  irregularly.  Sometimes  they  are  single, 
sometimes  they  constitute  the  lining  of  small  cavities  to  be  found  in  it.  These 
ciystals  are  all  translucent.  In  some  rare  cases  they  are  colorless ;  but  by  far 
the  greater  number  of  them  are  tinged  of  a  yellowish-red,  and  some  few  of  them 
are  green.  The  mineral  is  likewise  interspersed  with  small  specks  of  malachite ; 
and  with  dark,  brownish-red,  soft  particles,  which  I  found  to  consist  of  red  oxide 
of  iron. 

"The  color  varies  in  consequence  of  the  irregular  distribution  of  these 
extraneous  substances.  One  specimen,  which  was  the  most  free  from  the 
malachite  and  the  red  particles,  was  of  a  dark  blackish-brown  color.  But  in 
general  the  color  is  a  mixture  of  green,  red,  and  brown;  sometimes  one  and 
sometimes  another  prevailing.  Small  green  veins  of  malachite  likewise  traverse 
it  in  different  directions. 

''  The  fracture  is  small  conchoidal,  and  in  some  parts  of  the  mineral  there 
is  a  tendency  to  a  foliated  fracture.  The  lustre  is  glimmering,  owing,  1  conceive, 
to  the  minute  quartz  crystals  scattered  through  it.  The  kind  of  lustre  is  resinous ; 
and  on  that  account  and  the  varieties  of  colors,  this  ore  has  a  good  deal  of  the 
aspect  of  serpentine. 

"  It  is  soft)  being  easily  scratched  by  the  knife.  ^  It  is  sectile.  The  streak 
reddish-brown.     The  specific  gravity  2*620. 

''It  effervesces  in  acids  and  dissolves,  letting  fall  a  red  powder.  The 
solution  is  green  or  blue,  according  to  the  acid,  indicating  that  it  consists  chiefly 
of  copper." 

The  result  of  Dr.  Thomson's  analysis  was  as  follows  :— 

Carbonic  acid 1670 

Peroxide  of  copper 60*75 

Peroxide  of  iron •  19'60 

Silica 210 

Loss *95 

lOO'OO 

The  oxide  of  iron  and  silica  he  regarded  as  mechanically  mixed,  and  he 
therefore  considered  the  ore  to  be  an  anhydrous  carbonate  of  copper,  and  a  new 

>  The  hardness  is  given  as  4*25  in  Dr.  Thomson's  Mineralogy  of  1836. 
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mineral  species.  It  is  described  (in  an  abridged  form  from  the  abovementioned 
paper)  in  his  Outlines  of  Mineralogy  (7ih  edition,  1836)  as  anbydrons  diearbonate 
of  copper.  In  most  works  on  mineralogy,  of  a  date  subsequent  to  Dr.  Thomson's, 
the  ore  is  alluded  to  as  a  doubtful  species  under  the  name  of  mysorin.  ^ 

With  reference  to  the  locality  in  which  the  mysorin  was  found,  Dr.  Heyne 
wrote :  *'  Malachite  and  mountain  green  probably  constitute  the  great  mass  of  the 
ore  in  the  copper  veins,  but  an  immense  nest  of  the  anhydrous  carbonate  of 
copper  was  found  at  Gunypittah,  a  village  belonging  to  a  Jaghierdor  in  the 
Yenkatygherry  district,  about  40  miles  west  of  Ongole.  It  exists  there  in 
a  rock  of  the  nature  of  gneiss,  but  considerably  disintegrated,  and  the  quantity 
of  it  must  be  immense,  as  forty  coolies'  loads  were  procured  by  a  little  digging, 
and  sent  to  Mr.  Travers,  the  Collector  of  the  district,  and  almost  as  much 
remained  which  had  been  dug  out,  but  which  waa  not  carried  away."* 

The  village  of  Ganypittah — spelt  Guramanypenta  by  Dr.  Heyne  in  a  pam- 
phlet subsequently  published  by  him,  Gurumanipenta  by  Lieutenant  Newbold, 
and  Gunnypentah  on  the  Atlas  sheet — is  48  miles  south-west  of  Ongole.  Prom 
the  bearings  of  the  village  from  Nellore  and  Cuddapah  g^ven  by  Dr.  Heyne,  as 
well  as  from  allusions  to  other  villages  in  the  vicinity,  it  is  perfectly  clear  that 
west  was  a  mere  slip  of  the  pen  on  his  part.' 

Amongst  the  specimens  which  were  forwarded  to  the  Geological  Museum 
in  1873,  for  incorporation  in  the  series  illustrating  the  mineral  resources  of 
India,  which  was  sent  to  the  Vienna  exhibition,  was  a  parcel  of  perhaps  a 
hundredweight,  or  more,  of  copper  ore  from  "  Gudisa  Gundla  near  Ganmanipeuta 
and  Yerripali,  Nellore  District."  Yerripali  is  a  village  about  four  miles  from 
Ganmanipeuta.     A  portion  of  the  ore  was  reserved  for  the  Geological  Museum, 

1  From  Mysore.  The  conntry,  however,  in  which  it  was  found,  lies  considerably  to  the  east  of 
the  Mysore  territory  of  the  present  day. 

'  In  the  fourth  volume  of  the  Journal  of  the  Asiatic  Society  of  Bengal  (1835),  there  is  a 
paper  by  Mr.  James  Prinsep,  gi^ii^fiT  the  results  of  his  analyses  of  three  samples  of  copper  ore 
from  the  Nellore  District.  The  analysis  of  one  of  these,  which  Mr.  Prinsep  thought  might  be 
the  same  ore  as  that  examined  by  Dr.  Thomson,  is  as  follows : — 

Hydrated  carbonate  of  copper  ...  ...  ...  ...  e8'6 

Snlphuret  of  copper           ...  ...  ...  ...  ...  o-p 

SulpUuret  of  Iron               ...  ...  ...  ...  ...  12-4 

Oxide  of  iron,  Bilez,  &e.     ...  ...  ...  ...  ...  26*1 

106*0 
It  is,  however,  alluded  to  by  Mr.  Prinsep  himself  as  an  imperfect  analysis.  The  third  %>re 
examined  was  sulphide  of  copper  (6d'0  per  cent.)  mixed  with  hydrated  carbonate  (31*7  per  cent) 
and  some  oxide  of  iron  and  silex.  In  the  same  paper  there  is  an  extract  £rom  a  pamphlet,  pub> 
lished  by  Dr.  Heyne  subsequent  to  the  issue  of  his  '  Tracts  on  India,'  in  which  he  describes  the 
apx)earance  of  an  ore  which  he  considered  to  be  of  the  same  kind  as  that  previously  forwarded 
to  Dr.  Thomson,  but  as  it  seems  clear  that  Mr.  Prinsep  was  right  in  believing  Ihat  Dr.  Heyne 
had  mistaken  the  sulphide  with  carbonate  for  the  mysorin,  it  is  unnecessary  to  quote  the 
description. 

The  copper-bearing  localities  of  Nellore   and  the  neighbouring  country  have  been  further 
described  by  Lieutenant  Newbold  in  volume  VII  of  the  Journal  of  the  Roynl  Asiatic  Society. 
3  Jouru.  As.  Soc.  Bengal,  Vol.  IV,  p.  575. 
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and  while  arranging  the  copper  ores  in  the  economic  collection  some  time  ago, 
I  was  struck  with  the  outward  resemblance  of  part  of  the  Nellore  ore  to  the 
MjBorin  as  described  by  Dr.  Thomson.  It  is,  however,  only  recently  that  I 
hare  had  the  opportunity  of  making  a  complete  examination  of  it. 

The  ore,  as  sent,  occurs  in  irregular  broken  pieces  of  various  sizes  up  to 
about  three  inches  diameter.  It  is  a  most  heterogeneous  mixture,  made  up  of 
over  half  a  dozen  different  minerals,  some  of  which  are,  however,  much 
more  abundant  than  others.  Taken  roughly  in  the  order  of  their  relative 
abundance,  there  are  visible  to  the  naked  eye,  or  with  a  lens : — 

The  dark  reddish -brown  ore  in  qacstioh. 

M&lachite. 

Chrxsocolla, 

Qaartz. 

Yellowiah-brown  ochre, 

Chalcocite, 

Calcite. 

Bornite.^ 

Pieces  of  pure  malachite  are  not  to  be  found,  the  mineral  being  greatly 
mixed  up  with  chiysocolla  and  other  minerals.  Some  portions  of  it,  owing  to 
dissemminated  reddish-brown  specks,  and  specks  of  chalcocite,  have  a  dark  tinge. 
The  chrysocolla,  which  is  green  and  greenish-blue  in  colour,  occurs  both  mixed 
with  the  malachite,  <fea,  and  in  the  form  of  thin  seams,  and  as  the  linings  of 
small  cavities.  The  quartz  is  crystalline  and  generally  colorless  or  nearly  so, 
but  it  appears  to  have  a  green  or  yellowish  colour  from  being  imbedded  in  mala* 
chite  or  chrysocolla  or  ochre,  or  from  having  such  running  through  it  in  thin 
seams.  The  proportion  of  chalcocite  is  quite  small,  but  occasionally  a  tolerably 
pure  mass  an  eighth  of  an  inch  long,  or  more,  may  be  observed,  and  it  can  be 
seen  scattered  through  many  pieces  of  the  ore  with  the  aid  of  a  lens.  Calcite 
is  a  rare  mineral  only  observed  on  a  few  specimens  in  the  form  of  very  thin 
seams.  Bomite  is  extremely  uncommon :  only  a  very  few  specks  have  been 
detected.  Some  pieces  of  the  ore  consist  mainly  of  malachite  and  chrysocolla, 
others  mainly  of  the  dark.coloured  ore. 

The  most  homogeneous  portions  of  the  latter  have  to  the  naked  eye  a  dark 
reddish-brown  colour,  but  viewed  with  a  lens  they  are  seen  to  be  finely  mottled 
in  dark  brownish-red  and  green.  A  thin  section,  which  to  the  naked  eye  has  a 
reddisb-brown  colour  by  reflected  light,  when  viewed  with  a  lens  by  transmitted 
light,  shows  this  mottled  structure  still  more  plainly.  The  relative  proportion  of 
the  two  colours  varies  greatly.  Occasionally  a  pateh  is  found  in  which  the  green 
is  almost  absent.  It  is  but  rarely  that  one  finds  a  surface  of  a  quarter  of  an  inch 
square  that  is  not  intersected  by  thin  green  seams  of  malachite  and  chrysocolla, 
which  traverse  the  ore  in  different  directions.  Specks  of  chalcocite  are  also 
visible,  and,  very  occasionally,  those  of  bomite.  The  ore  contains  a  few  small 
cavities,  partially  filled  with  red  ochreous  oxide  of  iron. 

'  Besides  these  there  are  visible  in  a  few  specimens,  which  include  some  of  the  gangne-stonc, 
hornblende,  garnet,  mica,  &c.,  the  matrix  of  the  ore  being,  according  to  Lieutenant  Ncwbold,  mica- 
and  hornblende -schist. 
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The  Instre  may  be  described  as  dull  to  the  naked  eje,  but  glimmering  under 
the  lens.  Fractare  imperfect  conchoidal.  On  scratching  the  ore  with  a  knife 
the  streak  is  seen  to  vary  in  colour  owing  to  the  mottled  character  of  the  sub- 
stance. Qenerallj  it  is  greenish  and  brownish-yellow.  In  the  patches  which  are 
free  from  green  it  is  brownish-red.  The  fragments  which  I  selected  for  analy- 
sis yielded  a  bufiBsh-gray  powder.  Hardness  of  the  ore  about  4*0.  Specific 
gravity  3*80  .  It  efferresces  with  cold  dilute  acid,  yielding  a  green  or  blue 
solution  and  leaving  a  red  powder  undissolved.  On  heating  this  powder  with 
strong  hydrochloric  acid,  ferric  oxide  is  dissolved,  and  a  white  powder  remains. 

On  comparing  the  description  Dr.  Thomson  has  recorded  of  the  ore  analysed 
by  him  with  that  just  given  of  the  ore  I  have  examined,  and  recollecting  that 
Dr.  Heyne  has  stated  that  the  mysorin  occurs  in  an  immense  nest  at  Gttnnypentah, 
and  that  the  ore  examined  by  me  was  sent  as  the  ordinaiy  ore  of  the  same 
locality,  I  do  not  think  there  is  much  room  for  doubt  as  to  Dr.  Thomson's  ore 
and  mine  being  the  same.  The  only  discrepancy  of  importance  so  far  is  in  the 
specific  gravity.  Dr.  Thomson  found  it  to  be  2'62,  I  3*80.  It  may  be  observed 
on  this  point  that  it  seems  remarkable  that  while  malachite  has  a  specific 
gravity  of  3*7 — 4*0,  the  corresponding  anhydrous  carbonate  should  have  as  low 
a  specific  gravity  as  2*62.  The  low  specific  gravity  can  scarcely  be  ascribed  to 
impurity,  as  Dr.  Thomson's  analysis  shows  this  to  consist  almost  entirely  of  ferric 
oxide. 

In  the  crucial  point  however — ^the  presence  or  absence  of  water — ^my  analysis 
differs  fundamentally  from  Dr.  Thomson's.  The  fragments  selected  for  analysis 
showed  under  the  lens  the  brownish-red  and  green  mottling  alluded  to  above. 
Minute  veins  of  malachite  and  chrysocoUa  were  also  visible,  as  well  as  specks  of 
chalcocite,  it  being  found  impossible  to  obtain  a  sufficiency  of  the  substance  free 
from  such  admixture.  Minute  quantities  of  barite  and  probably  calcite  were  also 
present,  although  they  were  not  detected  by  the  eye.  The  result  of  my  analysis 
of  the  ore  (dried  at  100"  C.)  was  as  follows  : — 

Copper  eqoiv.  to  *66  of  S 2*22 

Copper  calculated  as  cnpric  oxide    ......      61*46 

Ferric  oxide  (with  tr.  of  Al,  0,) 6*74 

Lime *26 

Baryta *55 

Carbonigacid 15*18 

Silicic  acid 4*89 

Phosphoric  acid tr. 

Sulphuric  acid '29 

Sulphnr • '66 

Water » 902 

100-67 

The  barium  sulphate  was  included  in  the  residue  insoluble  in  aqua  regia,^ 
together  with  the  bulk  of  the  silica,  which  was  entirely  soluble  in  alkali.  The 
sulphur  was  clearly  derived  from  the  chalcocite.     The  ferric  oxide  was  evidently 

*  The  amonnt  of  water  was  determined  by  direct  weigbment. 
3  Also  in  the  residae  insoluble  in  bydrocbloric^acid. 
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mechanicaUj  mixed,  being  left  (with  silica,  Ac.)  as  a  red  powder  when  the  mineral 
was  treated  with  dilate  acid. 

It  was  not  fonnd  possible  to  isolate  sufficient  chrysocolla  in  a  pure  state  from 
the  ore  to  make  a  separate  analysis  of  it.  Adopting,  however,  the  normal  com- 
position of  the  mineral,  the  above  figures  would  be  equivalent  to— 


Co. 

CuO. 

Fe,0, 

CaO. 

BaO. 

CO. 

SiO. 

80» 

S. 

H.O. 

Malachite 

7708 

tea 

66*66 

•  •« 

••• 

•  •a 

14*98 

•  ft 

•  aa 

a«a 

6-39 

Galdta 

*46 

•  ta 

•>• 

•  •• 

-26 

•  *• 

•20 

M. 

•  •« 

•  •• 

•  «  • 

GuyaocoUa 

12*83 

aaa 

6*61 

•  ta 

•  •• 

•  ft 

•  •• 

4*80 

•  •• 

•  •• 

2*63 

Barita 

'84 

•  •• 

•  •• 

•  •• 

•  •• 

-66 

•  •• 

•  •• 

•29 

■  ■  ■ 

■  •« 

Cbaloocite 

278 

2-22 

•  ■1 

•  •fl 

•  •i 

•  •a 

•  • « 

•  •• 

*a« 

•66 

•  •• 

Ferric  oxide 

674 

•  ■  • 

•  ■  • 

6-74 

t  •# 

■  •• 

•  •• 

«  •  ■ 

•  «t 

aaa 

100-67 

2*22 

61-46 

6-74 

'26 

-65 

16*18 

4*89 

•29 

•66 

9*02 

After  deducting  the  cupric  oxide  and  water  equivalent  to  the  silica,  and  the 
carbonic  acid  equivalent  to  the  lime,  there  remains  a  residue  of,  water  6*39,  car- 
bonic acid  14*98,  cupric  oxide  55*65  \  quantities  which  have  the  oxygen  ratio  of 
1 :  1*92  :  1*97  ;  the  oxygen  ratio  in  typical  malachite  being  1:2:2.  It  is  clear, 
therefore,  that  the  ore  is  an  impure  malachite  owing  its  dark  colour  to  admixture 
with  ferric  oxide  and  chalcocite.  Some  specimens,  indeed,  of  the  Gannypentah 
ore,  which  are  seen  to  be  impure  malachite  by  the  eye,  have  a  dark  colour  owing  to 
a  smaller  admixture  of  the  same  kind. 

It  is  not  certain  that  the  lime  exists  as  calcite,  but  it  is  probable,  calcite 
having,  as  before  remarked,  been  found  in  some  specimens  of  the  ore.  The 
point  is,  however,  of  no  importance  with  reference  to  the  main  question.  Thus, 
if  the  lime  be  included  with  the  chrysocolla,  the  above-mentioned  ratio  will  be 
1:  1*94:  1*99. 

I  hikve  alluded  to  small  portions  of  the  mysorin  in  which,  when  viewed  with 
a  lens,  green  is  almost  absent.  Fragments  of  such,  when  dropped  into  dilute 
acid,  give  merely  a  minute  bubble  or  two  of  carbonic  acid ;  the  liquid  is  faintly 
tinged  with  green,  and  the  fragment  remains  almost  unacted  on.  YHien  heated 
with  strong  hydrochloric  acid,  iron  is  abundantly  dissolved.  Such  portions  of 
the  ore  are  in  fact  merely  ochreous  ferric  oxide.  The  amount  of  effervescence 
increases  with  the  amount  of  green  visible  in  the  specimens  experimented  on. 

Aiacamite. — Amongst  the  specimens  of  copper  ore  from  the  Nellore  district 
in  the  Museum,  there  is  a  mass  of  chalcocite,  which  appears  to  have  been  origin- 
ally obtained  by  Mr.  Kerr,  a  gentleman  who  endeavoured,  but  unsuccessfully,  to 
work  the  mines  about  the  year  tl835.  The  specimen  w^eighs  about  six  pounds, 
and  evidently  formed  a  portion  of  an  irregular  vein,  two  or  three  inches  thick. 
It  contains  a  few  dissemminated  crystals  of  magnetite,  and  is  intersected  by  small, 
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irregular  seams  containing  (with  some  malachite)  dark  emerald  green,  translucent, 
crystals,  which,  on  examination,  prored  to  be  atacamite.  The  point  is  worth 
notice,  in  that  the  locality  in  question  is,  I  believe,  the  only  one  in  which  ataca- 
mite is  known  to  occur  in  India. 


On  Corundum  from  the  KhXsi  Hills,  bt  F.  B.  Mallet,  F.  G.  S., 

Geological  Survey  of  India. 

Amongst  the  specimens  lately  transferred  from  the  Economic  to  the  Geolo- 
gical Museum,  was  one  of  "hone  stone",  locally  known  as  "  maushynrut'*,  from 
the  Khdsi  Hills.  Its  high  specific  gravity  attracted  my  attention,  and  on  examin- 
ation it  proved  to  be  corundum.  It  is  a  finely  granular,  light  a^^'ay,  or  grayish- 
white  rock,  containing  microscopically  minute  specks  of  a  translucent,  dark  red, 
mineral.  It  scratches  topaz  with  ease.  The  specific  gravity  is  3'93.  It  appears 
from  information  obtained  by  Colonel  Sherer,  Deputy  Commissioner  of  the  KhiLsi 
and  Jaintia  Hills,  to  whom  the  matter  was  referred,  that  the  mineral  is  procured  at 
a  village  called  Nongryniew  "  towards  the  north-west  of,  and  at  a  distance  of  about 
two  days'  jonmey  from  Nongstoin."  Nongstoin  is  the  capital  of  a  petty  Kh&si 
state ;  latitude  25^  31'  longitude  91°  20'.  It  would  seem  that  there  are  no  quarries 
of  the  stone,  but  that  the  villagers  pick  up  pieces  found  loose  on  the  surface, 
and  use  it  locally,  as  before  mentioned,  for  hone  or  rather  grind-stones. 

As  the  edge  of  the  hills  to  the  north-west  of  Nongstoin  is  about  30  miles 
from  that  place,  and  within  15  miles  of  the  Brahmaputra,  it  would  appear  that  the 
locality  where  the  corundum  is  found  cannot  be  very  far  from  the  edge  of  the 
hills,  and  that  it  is  within  a  day  or  two's  journey  from  the  river,  for  carts  or 
laden  animals.  If,  therefore,  the  stone  occurs  in  large  quantity — a  point  respecting 
which  no  information  is  available — it  is  worth  attention  commercially.  Corun- 
dum is  found  in  large  quantity  in  South  Bewah,^  and  notwithstanding  the  fact 
that  it  is  more  than  a  hundred  miles  from  the  railway,  over  a  road  of  which 
the  first  third  is  execrable  even  for  laden  cattle,  and  impassable  for  carts,  the 
corundum  is  exported  to  some  extent  to  Mirzapur.  The  Khdsi  stone,  therefore, 
if  found  near  the  edge  of  the  plains,  would  be  far  more  advantageously  situated 
with  respect  to  carriage.  The  Bewah  corundum  is  a  tougher,  less  easily  pul- 
verized stone  than  the  ELh&si.  Whether  the  powder  of  the  latter,  however,  would 
do  the  same  amount  of  work  as  that  of  the  Bewah,  is  open,  perhaps,  to  question.  We 
are  indebted  to  Colonel  Sherer  for  a  specimen  of  the  corundum  lately  received, 
weighing  about  20  pounds  and  measuring  about  4x7x0  inches.  It  had  evidently 
been  in  use  as  a  grindstone. 

»  Kccorils,  VoL  V,  20,  Vol.  VI,  43. 
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NoTi  ON  THB  Joga  i^biohbourhood  and  old  mines  on  the  Nerbudda,  hy 
O.  J.  NiCHOLLS,  G.  s.,  Offioiating  Oommisswner  of  Excise,  Gewtral  Provinces. 

In  the  tract  of  conntry  between  the  Great  Indian  Peninsula  Railway,  the 
Chota  T&wa  (which  divides  the  NimiLr  and  HoshangaMd  districts),  the  Nerbndda 
and  the  Ganj&l  river,  most  of  the  western  area  is  composed  of  metamorphics  and 
Bij6wars,  and  these  in  the  eastern  area  pass  under  alluvium. 

Granitic  and  syenitic  rocks  show  at  Harda  in  the  river  bed.  These  rapidly 
pass  into  gneiss  a£  we  go  north-west  towards  Handia.  The  gneiss  soon  passes 
under  cherty  bands  and  quartzose  breccia.  Due  north  from  Harda  about  seven 
miles,  and  to  the  east  of  tiie  road  to  Handia,  the  streams  lay  open  beds  of  much 
disintegrated  granitoid  or  gneissic  rock  which  would  probably  yield  kaolin. 

Between  two  and  three  miles  south  of  Handia  small  hills,  with  a  westerly  run, 
are  met,  composed  of  a  peculiar  quartzite  belonging  to  the  Bij&war  series. 

At  Handia  the  bed  of  the  Nerbudda  is  of  granite,  the  felspar  being  of  a 
marked  red  colour.     Across  the  river  at  Nim&war,  the  quartzites  again  come  in. 

From  Harda  to  the  south-west,  granites  are  found  till  the  Mdchak  valley  is 
met  near  Mandla.  Further  down  the  railway  line  trap  comes  in,  a  sof  tish  red 
or  reddish  purple  stone,  easily  cut  and  used  for  bridge  work. 

Down  the  Mikdiak  which  runs  in  a  north-west  direction  at  Dhanwara,  a  coarsely 
crystallized  protogene  rock  forms  the  bed  of  the  stream. 

At  Deopur  a  limestone  has  been  quarried  to  a  considerable  extent.^ 

Westward  of  this,  through  Gambir  to  the  Ghota  TAwa,  there  is  much  schist 
and  gneiss,  with  trap  outb'ers  superimposed.  Going  due  west  of  Harda  to 
Sonti^ai,  I  quic^y  left  the  granite  and  syenite  and  passed  beyond  the  gneiss. 
From  this  to  Sontalai,  bands  of  yellowish  brown  chert  and  outcrops  of  a  highly 
silidoiiB  limestone  (Bij&war)  alternate  in  a  most  confused  manner.  Where  there 
are  hills,  as  at  Niljhar,  they  are  mostly  of  quartzite  with  chert  and  jasper.  The 
Buifaee  of  the  limestone  is  much  weathered  and  gnarled,  and  the  silicious  layers 
stand  oat  in  relief,  often  assuming  the  half  vitrified  look  of  homstone.  Close  to 
Sontalai,  there  is  much  ferruginous  debris,  probably  from  the  numerous  iron 
melting  furnaces  once  worked  on  the  western  side  of  the  village. 

A  curious  conglomerate  rather  than  breccia  occurs  in  the  stream  west  of  the 
village.  In  the  afternoon  I  went  to  the  iron  mine  about  two  and  a  half  miles  from 
Sontalai  near  the  MAchak  river,  seemingly  a  pocket  of  haematite  and  iron  ochre 
it  has  been  worked  out  to  a  depth  which  is  below  the  present  level  of  the  water 
in  the  pit.  About  here,  frequent  and  quick  transitions  take  place  from  gneiss  to 
schist  and  narrow  greenstone  or  diorite  bands,  giving  the  appearance  of  inter- 
stratification.  The  position  of  these  and  of  the  schists  is  generally  nearly  vertical. 
Lumps  of  quartz  and  nodules  of  trap  lie  about  on  the  ground,  also  a  few  agates 
and  flints.  From  Sontalai  to  Joga  across  the  Anjan,  the  trap  and  greenstone 
dykes,  and  metamorphic  schists  disappear.  The  elevations  are  almost  entirely 
of  quartzite,  and  the  yellow-brown  cherty  jasper  is  much  stronger.     South  of 

The  specimens  forwarded  are  of  Lnmeta  limestone,  the  same  as  that  quarried  at  Jabalpur. 

H.  R.  M. 
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Joga  Khnrd,  a  strong  course  of  Bij4war  grey  weathered  limestone  strikes  to  cross 
the  Nerbndda,  which  river  here  mns  from  north  to  south.  The  limestone  course 
can  be  seen  forming  a  reef  across  the  bed  of  the  Nerbudda,  but  not  quite  at  right 
angles.     The  course  is  nearly  north-east-by-east  to  south-west-by-west. 

Between  Joga  Khurd  and  Joga  Elaldn,  cherty  or  jasper  breccia  is  very  com- 
mon, and  almost  seems  to  overlie  the  Bijdwar  limestone.  From  Joga  Khurd  it  is 
about  half  a  mile  to  the  excavations  known  all  through  the  country  as  the 
"Chandi  Khaddn"  (silver  mine).* 

The  pits  are  in  two  parallel  lines.  The  most  northern  line  is  apparently  a 
continuous  excavation  of  about  half  a  mile  in  length  on  the  Bij^war  limestone 
band.  The  depth  and  width  vary  greatly,  and  the  direction  runs  pretty  straight. 
These  open  excavations  end  about  250  yards  from  the  banks  of  the  Nerbudda ; 
the  line,  I  think,  generally  showed  some  elevati6n  as  compared  with  the  ground 
on  either  side.  The  depth  may  be  generally  about  25  feet,  and  the  breadth  15 
feet.  About  250  yards  south  of  this  line  of  excavation  is  the  second  line  of 
excavations ;  these  are  generally  much  narrower  and  much  deeper,  much  more 
like  evidences  of  sinking  on  a  lode.  Here  generaUy  there  was  a  determined  dip 
of  about  80®  to  the  north,  the  strike  being  as  described  where  the  limestone  reefs 
cross  the  Nerbudda.  Where  the  limestone  ridge  comes  to  the  surface,  the 
weathered  appearance  of  the  rock  is  remarkably  wild  and  weird.  The  excava- 
tions are  not  all  in  one  line  or  continuous.  Apparently  parallel  and  intersecting 
lodes  or  leaders  have  been  followed. 

The  length  of  these  excavations  was  less  than  that  of  the  northern  run.  In 
some  places  from  ten  to  twelve  feet  in  width  appear  to  have  been  dug  out^  but 
generally  six  feet  would  be  the  average.  In  some  parts  a  considerable  depth, 
about  40  feet,  was  attained ;  only  in  one  pit  is  water  found.  This  has  a  depth  of 
8  feet  in  a  small  pit  or  pocket  at  the  extremity  of  the  excavation,  which  elsewhere 
was  about  30  feet  deep.     From  this  I  took  most  of  my  specimens. 

Although  at  the  surface  the  rock  is  very  contorted,  and  shows  some  sign  of 
concentric  formation  and  numerous  silicious  bands  like  homstone,  we  soon  get 
down  into  fairly  settled  ground.  But  at  the  bottom  I  saw  a  tendency  to  poc- 
kets, there  being  round  holes  or  nests  picked  out  by  the  old  miners.  From  the 
depth  where  I  was  working,  I  could  see  nothing  else  to  lead  me  to  think  that  the 
lode  went  no  deeper ;  but  I  had  not  the  opportunity  of  testing  this.  From  the 
specimens  procured  it  will  be  seen  that  the  limestone,  through  which  probably  a 
strong  lode  ran,  is  interspersed  with  mineral.     This  shows  most  frequently  in  the 

^  Tbe  reputation  of  the  old  pits  at  Joga  as  ailver  mines  is  certainly  of  no  very  recent  invention. 
In  March  1855  my  attention  was  drawn  to  them  by  Caption  I^embhard,  then  Assistant  Conmiis- 
sioner  at  Hoshangabad.  I  fonnd  the  mines  jnst  as  described  by  Mr.  NichoUs  (there  were  then  no 
maps  of  the  ground) ;  the  deposit  seemed  to  be  so  thoroughly  worked  ont  that  I  had  some  difficulty, 
with  only  a  hammer,  to  make  out  what  the  ore  was.  A  veiy  much  richer  ore  than  any  now  Tisible 
was  no  doubt  fonnd  in  the  old  excayations,  and  it  is  quite  possible  that  similar  bunches  may  still 
lie  to  the  deep  of  tbe  old  workings.  The  Eampura  iron  ore,  which  is  probably  that  referred  to 
by  Mr.  Kicholls,  occurs  as  a  vein  in  the  Bij^war  jasper-breccia.  It  is  a  rich  red-hssmatite, 
though  in  places  much  mixed  up  with  the  jasper  rock . 

H.  B.  Mbdlicott. 
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lines  of  jointing.  It  would  look  as  if  occasionally  I  have  got  fragments  of  leaders 
or  strings  belonging  to  a  large  lode.  I  saw  no  marks  of  blasting,  or  of  the  use  of 
crowbars. 

The  country  aronnd  is  all  forest,  and  the  soil  very  poor.  The  Mowassi 
Kurlni  is  almost  the  only  inhabitant.  He  is  superstitious  and  would  never  have 
been  able  to  execute  the  mining  work  to  be  seen  at  Joga.  This  was  probably 
done  by  the  Path^ns,  who  held  the  fortress  at  Joga  KaUn,  a  building  supposed 
to  be  of  the  time  of  Alamgir.  Many  other  reasons  besides  exhaustion  may  have 
led  to  the  abandonment  of  these  works :  for  instance,  inability  to  control  the 
water  in  the  lower  levels,  want  of  acquaintance  with  machinery  for  raising  the 
ore  with  tools,  and  methods  of  blasting  for  breaking  down  the  rock,  or  the  fall 
of  the  Mogul  power  at  Handia,  and  the  succession  of  the  Mowassi  and  Pindh&ri 
robber  hordes.  One  cobra  put  to  flight  five  workmen  of  mine.  They  considered 
him  to  be  the  guardian  of  the  treasures.  In  prospecting  both  this  year  and  last, 
I  had  to  use  my  rifle. 

Possibly  it  might  be  worth  while  to  spend  a  little  money  in  trying  to 
expose  the  lode  or  in  driving  cross-cuts.  Water  power  is  probably  availaMe  for 
stamping. 

NOTE. 

The  samples  from  the  Joga  mines,  sent  by  Mr.  Nicholls  to  the  Geological  Survey  Office,  were 
as  follows : — 

No.  1.— -Dag  by  Mr.  NicboUs  from  the  remnant  of  the  gangvl,  or  pocket,  near  the  bottom  of  the 
'  water  pit* — gray  dolomitic  limestone,  containing  a  few  cherty  layers  :  galena  is  very  sparsely 
dissemminated  through  both  limestone  and  chert,  and  in  one  or  two  specimens,  specks  of  copper 
pyrites  were  observed. 

No.  2.— Bug  out  from  side  of  the  excavation  of  the  '  cobra  jnt'— specimens  similar  to  No.  1. 

No.  3.— Casing  of  a  pocket  in  the  '  water  pit* ,  dug  out  by  Mr.  Nicholls — ^ferruginous,  man- 
ganiferons,  dolomitic  limestone  with  cherty  bands ;  galena  and  copper  pyrites  dissemminated  as 
in  No.  1. 

Na  4. — From  debris  at  surface  of  'panther  pit,' — gray  dolomitic  limestone  with  specks  of 
galena. 

No  5. — Casing  from  'water  pit,'  dug  out  by  Mr.  Nicholls— ferruginous,  manganiferous, 
dolomitic  limestone. 

No.  6. — From  debris  of  '  water  pit*  and  '  hyasna  pit* — same  as  No.  5.  Some  pieces  are 
sufficiently  ferru^nous  to  be  called  spathic  iron.    Contains  a  few  specks  of  galena. 

Besides  the  above,  a  quantity,  perhaps  half  a  cwt.,  of  stone  was  sent,  taken  from  the  debris  of 
several  workings.    It  was  similar  to  the  sample  No.  1. 

None  of  the  above  described  samples  showed  any  signs  of  the  existence  of  a  lode.  The  galena 
is  very  scantily  dissemminated  through  the  limestone  and  chert  themselves.  The  percentage  of 
ore  to  gangue  is  extremely  small,  so  much  so  that  it  was  necessary  to  pulverize  and  wash  several 
pounds  of  stone  to  obtain  sufficient  g^ena  for  an  assay.  The  specimens  sent  are  themselves 
useless  as  an  ore,  although  of  course  indicating  the  possibility  of  galena  occurring  in  larger 
quantity.  As  they  were  mostly  taken  from  the  mere  debris  of  the  mines,  they  cannot  be  regarded 
as  fair  samples  of  what  the  average  ore  formerly  extracted  was.  To  really  test  the  value  of  the 
mines,  it  would  be  necessary  to  excavate  sufficiently  deep  to  penetrate  beneath  the  old  workings. 

The  lead  extracted  from  the  galena  was  found  to  contain  21  ounces  of  silver  to  the  ton ;  a  very 
fair  proportion,  but  certainly  not  one  which  would  entitle  the  mines  to  the  name  of  '  silver 
mines,'  rather  than  lead  mines. 

F.  B.  Mallbt. 
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DONATIONS  TO  THE  MUSEUM. 

1st  April  to  30th  June  1879. 

Donxits. 
Corandam  from  the  Khdsi  Hills. 

Colonel  J.  F.  Sherer^ 

Deputy  Commissioner, 

Coal  from  the  Ledo  river,  M&knm  Field,  Upper  Assam. 

C.  EwiNO,  Esq. 

10  stone  hatchets  (neolithic)  from  Vellore. 
9  ditto  ditto  Bdnda. 

J.  CocKBURN,  Esq. 


ADDITIONS  TO  THE  LIBRARY. 

From   Ist  April  to  30th   June   1879. 
Titles  of  Books.  Donors, 

Ball,  V. — On  the  forms  and  geographical  distribution  of  ancient  stone  imple- 
ments in  India  (1879),  Svo.  pamphlt.,  Dnblin. 

The  Author. 

„       „      On  the  Yolcanos  of  the  Bay  of  Bengal  (1879),  8yo,  pamphlt.,  London. 

Thb  Author. 
EncyclopsDdia  Britannica,  Vol.  IX,  9th  Edition  (1879),  4to,  Edinburgh. 
Gaudrt,  ALBERT.-^Consid^rations  smr  les  Mammifdres  qui  ont  v^cn  en  Europe 

i  la  fin  de  Y  Epoque  Miocene  (1873),  8vo,  Paris. 
Haegkel  Ernst.— The  Evolution  of  Man,  Vols.  I-II  (1879),  8vo,  London. 
Hamilton  Walter. — A  Geographical,  Statistical,  and  Historical  description  of 

Hindostan  and  adjacent  countries,  Vols.  I  and  II  (1820), 

4to,  London. 
Jannettaz,  E. — A  Guide  to  the  determination  of  Bocks  (1877),  8vo,  New  York. 
Junghuhn,  Fr. — Fossiles  de  Java,  Part  IV,  Echinodermes  (1864),  4to,  Leide. 
KiNAHAK,  G.  H. — Manual  of  the  Geology  of  Ireland  (1878),  8vo,  London. 
Lepsius,  Dr.  Richard. — Das  Westliche  Siid-Tirol  (1878),  4to,  Berlin. 
Lewin,  Major  Thomas  Herbert. — A  Manual  of  Tibetan  (1879),  4to,  Calcutta. 

Director  of  Public  Instruction. 

MiTRA,  RAJBNDRALlLA.^Buddha  Gaya»  the  Hermitage  of  Sakya  Muni  (1878), 

4to,  Calcutta. 

Bengal  Government. 

Mojsisovics,    Edmund.—  Die   Dolomit-RifPe  von  SUd-Tirol  und  Venetien,    hefi 

IV- VI  (1878-79),  8vo,  Wien. 
Phipson,  T.  L.— Meteors,  Aerolites,  and  Falling  Stars  (1867),  8vo,  London. 
Rammelsberg,   Dr.  C.  F. — Guide  to  a  course  of  Quantitative  Chemical  Analysis 

(1872),  8vo,  New  York. 
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Titles  of  Boohs.  Donors. 

BoscOB,  H.  £.,  and  Schoblsuheb,  C.-— A  Treatise  on  Chemistry^  Vol.  II,  Metals, 

pt.  1  (1878),  8vo,  Lcmdon. 
Ross,  Wm*.  Albxandbb. — Pyrology  op  Fixe  Chemistry  (1875),  8vo,  London. 

G.  A.  Hacket,  Esq. 

Stbinbach,  LiBUT.-CoLONBL.-^Tlie  Punjab ;  being  a  brief  account  of  the  country 

of  the  Sikhs,  (1846),  8yo,  London. 
ZiTTEL,  K.  A.— Handbuch  der  Palsaontologie,  Band  I,  lief.  2  (1879),  8vo,  Man. 

chen. 

PERIODICALS,  SERIALS,  &o. 

American  Journal  of  Science  and  Arts,  drd   Series,  Vol.   XYI,   Nos.   96-101 

(1879),  8vo,  New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Chemie,  New  Series,  Vol.  VI,  Nos.  3-4,  and  VII,  No.  1 

(1879),  8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XIV,  livr.  6  (1878),  8vo,  Paris. 

L.* Admins,  des  Mines. 

Annals  and  Magazine  of  Natural  History,  5th   Series,   Vol.  Ill,  Nos.  15-17, 

(1879),  8vov  London. 
Archiv  fiir  Naturgeschichte,  Jahrg.  XLV,  heft  2  (1879),  8vo,  Berlin. 
Athen»um,  No.  2621  and  Nos.  2679-2693  (1878-79),  4to,  London. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  III,  Nos.  3  to  5  (1879), 

8vo,  Leipzig. 
Bibliol^dque  Universelle  et  Revue  Suisse,  3rd  Series,  Vol.  I,  Nos.  1 — 3  (1879), 

8vo,  Lausanne. 
„  „  Archives  des  Sciences  Physiques  et  Naturelles,  New 

Series,  Vol.  LXIV,  No.  252,  and  3rd  Ser.,  Vol.  I,  Nos.  1—2 

(1878-79),  8vo,  Gbneva. 
Chemical  News,  Vol.  XXXVII,  No.  947,  and  Vol.  XXXIX,  Nos.  1005-1019 

(1878-79),  4to,  London. 
CoUieiy  Guardian,  Vol.  XXXV,  No.  890,  and  Vol.  XXXVII,  Nos.   948-961 

(1878-79),  foL,  London. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  Nos.  3-5  (1879),  8vo, 

London. 
Iron,  New  Series,  Vol.  XIII,  Nos.  320-334  (1879),  fol.,  London. 
Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVIII,  No.  4  (1878),  8vo,  Paris. 
Just,  Dr.  Lbop. — ^Botanischer  Jahresberichte,  Jahrg.  V,  Abth.  1  (1879),  8vo, 

Berlin. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine,  and  Journal  of  Science, 

6th  Series,  Vol.  VII,  Nos.  42-44  (1879),  8vo,  London. 
Mining  Journal,  with  Supplement,  Vol.  XL VIII,  No.  2213,  and  XLIX,  Nos. 

2271-2284  (1878-79),  fol.,  London. 
Monthly  Journal  of  Science,  3rd  Series,   Vol.   I,   Nos.  63-65    (1879),    8vo, 

London. 
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Titles  of  Books,  Donors, 

Nature,  Vol.  XVII,  No.  429,  and  XIX,  Nos.  487-501  (1878-79),  4to,  London. 
Neues  Jahrbucli  fiir  Mineralogie,  G^ologie,  and  Palffiontolog^e,  Jalirg.,  1879,  heft 

3  and  4  (1879),  8vo,  Stuttgart. 
Pallontologie  Fran9aiBe.     Terrain  Jnrassique,  1st  Series,  Animanx  Inyert^bres, 

Kvr.  41,  and  2nd  Series,  V6g6taax,  livr.  27  (1878),   8vo, 

Paris. 
Petermann's  G^ograpliisclie  Mittheilnngen,  Band  XXV,  Nos.  3 — 5  (1879),  4to, 

Ootba. 
„  Supplement,  Band  LVII  (1879),  4to,  Ootha. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  VIII,  No.  32  (1879), 

8vo,  Boorkee. 

Thomason  Collbqb  of  Civil  ENoiNKBRiNa. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XIX,   No.    74 

(1879),  8vo,  London. 

Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  31st  Decem- 
ber 1878  (1879),  flsc,  MelWme. 

GOVBBNMENT  MiNING  DsPABTMENT. 

GOVERNMENT  SELECTIONS,  Ac. 

Bbitish  Bubma.—  Report  on  tlie  Administration  of  British  Burma  during  1877-78 

(1879),  flsc,  Rangoon. 

Chibf  Commissioneb,  Bbitish  Bubma. 
iKDiA.-'Annual  Administration  Report  of  the  Oaro  Hills  for  1877-78  (1878), 

8vo,  Calcutta. 

FOBEIQN  DbPABTXENT. 

„     Annual  Administration  Report  of  the  Manipur  Agency  for  1877-78,  No. 

163  (1879),  8vo,  Calcutta. 

FOBEIQN  DbpABTMENT. 

„     Eliot,  J. — Report  on  the  Madras  Cyclone  of  May  1877   (1879),   4to, 

Calcutta. 

Meteob.  Repobteb  to  GovBBNHEirr. 

„  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Govern- 
ment of  India  in  the  Home,  Legislative,  and  Foreign  De- 
partments on  Ist  January  1879  (1879),  8vo,  Calcutta. 

Home  Defabtmsnt. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Depart- 
ment, No.  154.  Report  on  the  Political  Administration  of 
the  territories  within  the  Central  India  Agency  for  1877-78 
(1879),  8vo,  Calcutta. 

FOBEIGK  DePABTMENT. 

„     The  Rajputana  Gazetteer,  Vol.  I  (1879),  8vo,  Calcutta. 

FOBEIQN  DePABTMENT. 
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TUles  of  Boohs.  Donors. 

India. — Trotter,  Capt.  W.  F.— Report  on  the  Administratioii  of  Jowai  for  the 

year  ending  31st  March  1878  (1878),  Svo,  Calcntta. 

FORBIGN  DEPARTHEirr. 

„  Walker,  Col.  J.  T.— Account  of  the  Operations  of  the  Great  Trigonomet- 
rical Survey  of  India,  Vols.  II— IV  (1879),  4to,  D6hra 
D6n. 

Suryetor  General. 

„  „       Major-Genl.  J.  T.,  and  Vanrenbn,  Major-Genl.  D.  C. — General 

Report  on  the  Survey  Operations  in  India  during  1877-78 
(1879),  flsc,  Calcutta. 

Surveyor  General. 

TRANSACTIONS,  PROCEEDINGS,  ifcc,  OF  SOCIETIES. 

Batavia. — Alphabetische  Lijst  van  Land-,Zee-,Rivier-,  Wind-,  Storm  en  Andere 

Kaarten  (1873),  8vo,  Batavia. 

The  Society. 

„         Codicum  Arabicorum  in  Bibliotheca  Societatis  Artium  et  Sdentiamm 

qu89  Batavias  floret  Asservatorum  CataJogum  (1873),  8vo, 

Batavia. 

The  Society. 

„        Notulen  van  de  Algemeene  en  Bestuurs-Vergaderingen  van  het  Bata- 

viaasch  Genootschap,  Deel  IX  (1871) ;  X,  No.  4  (1872)  ; 
XI,  1—4  (1873)  ;  XII,  4  (1874)  ;  XIII,  1—2  (1876) ;  XV, 
1i-4  (1877) ;  XVI,  1—4  (1878),  (1871-78),  8vo,  Batavia. 

The  Society. 
„  Tijdschrift  voor  indische  Taal-Land-en  Volkerkunde,   Deel  XVIII, 

3-4 ;  XX,  3-6 ;  XXI,  1-2  and  6-6 ;  XXII,  4-6 ;  XXIII,  1 ; 
XXIV,  4-6;  XXV,  1-2  (1871-79),  8vo,  Batavia. 

The  Society. 

„  Verhandelingen  van  het  Bataviaasch  Genootschap  van  kunsten  en 

Wetenschappen,  Deel  XXXVII-XXXIX,  No.  1  (1876-77), 

8vo,  Batavia. 

The  Society. 

„  Vervolg  Catalogus  der  Bibliotheek  van  het  Bataviaasch  Genootschap 

(1872  and  1877),  8vo,  Batavia. 

The  Society. 

Belfast. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society 

for  1877-78  (1878),  8vo,  Belfast. 

The  Society. 

« 

Berlin. — Monatsbericht  der  Konig.  Preuss.  Akad.  der  Wissenschaften  zu  Berlin. 

December  1878,  and  January  and  February  1879  (1879), 

8vo,  Berlin. 

The  Academy. 

„  Zeitschrift  fiir  die  G^sammten  Naturwissenschaften,  Band  III,  heft 

1-6  (1878),  8vo,  Berlin. 
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TUles  of  Books.  .  Dotiors. 

BoMBiT. — Jonnial  of  the  Bombay  Branch  of  the  Boyal  Afiiatio  Society,  Vol. 

XIV,  ISo.  36  (1879),  8to,  Bombay. 

Thb  Socibtt. 
Bbussxls.— Bulletin  de  la  Soci^t^  Beige  de  Gfograpbie,  No.  6  (1878),  8yo, 

Brofisels. 
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NOTB  ON  THB  "  AtTOCK  SLATES  "  AKD  THEIR   PROBABLE    QEOLOGIGAL    POSITION,  by 

Dr.  W.  Waagbn.  . 

In  the  "Records  of  the  Geological  Survey  of  India,  Vol.  XII,  pt.  2,  there 
is  a  paper  by  Mr.  Wynne,  entitled  "Further  notes  on  the  geology  of  the 
Upper  Punjab,"  which  bears  a  special  interest  on  account  of  the  general 
views  on  the  geology  of  that  country.  As  many  of  the  points  treated  of  in 
the  paper  are  yet  to  be  considered  as  open  questions,  it  seems  not  advisable  to 
pronounce  any  opinion  on  them  until  further  materials  have  been  collected,  but 
it  may  not  be  useless  to  notice  some  points  which  might  be  of  value  towards 
the  elucidation  of  the  questions  discussed  by  Mr.  Wynne. 

There  is  before  all  the  age  of  the  "Attock  slates."  Mr.  Wynne  is  quite 
right  when  he  considers  the  evidence  upon  which  the  opinion  of  their  being  of 
Silurian  age  is  founded  very  scanty  indeed  ;  and  only  the  absence  of  any  other 
clue  towards  the  determination  of  the  age  of  those  slates  could  at  the  time  jus- 
tify the  opinion  expressed  in  our  joint  memoir  on  Mount  Sirban,  that  the  oc- 
currence of  lower  Silurian  fossils  in  gravels  in  the  Kabul  river,  which  lay  approxi- 
mately in  the  strike  of  the  "  Attock  slates,"  would  make  a  silurian  age  probable 
also  for  the  latter. 

It  is  very  much  to  be  regretted  that  to  the  careful  search  of  Mr.  Wynne  the 
slates  have  proved  absolutely  unfossiliferous  up  to  the  present.  Yet  this  sterility 
in  fossils  seems  not  to  prevail  at  all  localities.  Among  the  materials  which  have 
been  most  liberally  sent  to  me  by  the  Geological  Society  of  London,  there  are 
about  a  dozen  specimens  of  a  Spirifer,  which  bear,  however,  only  the  label 
"  Punjab."  These  specimens  are  preserved  in  a  black  slate,  which,  if  the  speci- 
mens came  really  from  the  Punjab, — and  there  is  no  reason  why  this  should  be 
doubted, — must  have  belonged  to  the  Attock  slates,  as  there  is  no  other  rock 
known  to  me  in  that  part  of  India  which  would  bear  similar  petrographical 
characters,  and  from  which  the  specimens  could  have  come. 


184  Hecord^  of  the  Geological  Survey  of  India.  [vol.  XII. 

Thougli  these  fossils  are  more  or  less  deformed  by  oblique  pressure,  yet  the 
species  can  without  difficulty  be  determined.  All  the  specimens  belong  to  one 
and  the  same  species,  and  cannot  be  distinguished  from  Spirifer  keilhavi,  Buch., 
(8p.  Bajah,  Salt.).  As  this  species  is  one  of  those  most  characteristic  of  the 
carboniferous  formation  in  the  Himalaya,  and  as  thus  the  determination  of  the 
age  of  the  rocks  from  which  these  fossils  came  considerably  differs  from  the  age 
hitherto  attributed  to  the  Attock  slates,  it  is  necessary  to  be  doubly  cautious  in 
accepting  the  current  opinion  regarding  these  slates. 

The  rock  in  which  the  fossils  are  preserved  is,  as  stated  above,  a  black,  not 
very  hard  slate,  such  as  I  have  seen  to  occur  at  many  places  in  the  Attock  slates ; 
but  there  are  also  outside  of  the  Punjab  some  localities  where  similar  slates 
occur.  I  have  myself  seen  similar  slates  from  the  Milam  pass  which  seem  also 
to  belong  to  the  carboniferous  formation,  and  seem  to  be  there  inferior  to  white 
limestones,  also  full  of  carboniferous  fossils,  the  latter,  however,  of  a  much  more 
recent  type.  Similar  slates  have  been  described  by  Lydekker  from  Eishmakam. 
in  Kashmir,  whilst  at  other  places  in  the  same  territory  the  carboniferous  form- 
ation is  composed  nearly  entirely  of  thick  limestones.  The  slates  of  Eishmakam 
have  been  compared  by  Lydekker  to  the  "  Kiol  group  "  and  the  limestones  to 
the  "  Great  limestone  "  of  the  outer  Himalaya.  Thus  it  might  be  very  possible 
that  in  the  Himalaya  the  carboniferous  formation  should  present  two  sub-divi- 
sions, one  older  slaty,  and  one  younger  calcareous  sub-division.  This,  however, 
does  not  prevent  that  at  many  localities  the  whole  formation  might  be  made  up  of 
massive  limestones. 

If,  therefore,  the  fossils  under  consideration  did  not  come  from  the  Punjab, 
they  might  have  come  from  several  parts  of  the  Himalaya.  There  is,  however, 
no  reason  to  doubt  their  coming  from  the  Punjab,  There  exists  in  the  Punjab 
a  great  amount  of  rocks  perfectly  similar  in  appearance  to  the  rock  in  which 
the  specimens  occur,  and  if  these  rocks  up  to  the  present  have  proved  apparently 
unfossiliferous,  this  does  not  exclude  the  possibility  that  there  exist  localities 
where  fopsils  do  occur.  That  all  these  fossils  belong  only  to  one  species  already 
goes  far  to  prove  that  ihe  slates  containing  them  are  not  very  rich  in  fossils. 
How  much  it  depends  on  circumstances  whether  one  does  meet  with  certain 
fossils  is  also  exemplified  by  the  fact  that  I  as  well  as  Mr.  Wynne  have  been 
searching  in  vain  in  the  Salt-range  for  determinable  plant  remains,  and  yet  there 
are  several  beautifully  preserved  plant  remains  from  the  Salt-range  in  the  Geo- 
logical Society's  collection. 

Thus  we  may  fairly  accept  tiie  indications  of  the  label  attached  to  these 
specimens  of  Spirif.  keilha/vi  as  correct ;  and  from  this  it  would  follow,  that  the 
Attock  slates  will  have  to  be  considered  in  future  as  belonging  very  likely  to  the 
carboniferous  period. 

If  we  accept  this  view,  one  of  Mr.  Wynne's  remarks  becomes  of  special  im- 
portance ;  this  is  that  the  Ibnestones  of  Gandgarh  remind  one  more  or  less  of 
the  great  limestone  of  the  Jamu  hills.  This  would  fit  entirely  into  the  state  of 
things  observed  elsewhere,  and  the  discrepancy,  at  least  in  the  carboniferona 
formation,  between  Kashmir^  Jamu,  and  Hazara  would  no  longer  be  so  striking 
as  is  supposed   by  Mr.  Wynne.     These  limestones  are  entirely  absent  in   the 
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neighbourhood  of  Mount  Sirban,  and  this  absence  possibly  might  account  for 
the  marked  unconformity  there  between  the  Attock  slates  and  the  more  recent 
formations. 

But  also  for  these  latter  the  determination  of  the  Attock  slates  as  of  car- 
boniferous age  would  have  a  deciding  influence,  as  then  the  geological  horizon 
they  occupy  might  approximately  be  fixed.  In  the  little  memoir  on  Mount 
Sirban,  Mr.  Wynne  and  I  have  distinguished  a  group  of  rocks  as  "  Below  the 
Trias,"  consisting  chiefly  of  cherty  dolomite,  to  which  are  subordinate  red 
sandstones  and  quartzites.  We  have  separated  these  rocks  from  the  Trias  for 
the  simple  reason  that  there  existed  no  proof  of  any  kind  that  they  belonged  to 
that  formation,  and  as  we  then  considered  the  Attock  slates  as  of  silurian  age, 
the  number  of  formations  to  which  those  strata  "  Below  the  Trias  "  could  have 
been  assigned,  was  so  very  large,  that  it  seemed  only  prudent  not  to  express 
axiy  definite  opinion  as  to  their  age.  Now  the  case  is  quite  different :  these  bods 
'w^ould  rest  unconf ormably  on  the  carboniferous  Attock  slates,  and  be  succeeded 
conformably  by  upper  triassic  or  rhestic  strata ;  thus  it  becomes  very  probable 
that  the  strata  **  Below  the  Trias "  represent  the  Lower  Trias,  viz.,  Muschel- 
kalk  and  Buntsandstein  formations. 

In  his  more  recent  memoirs  Mr.  Wynne  introduces  the  designation  of  **  Infra- 
triassio  group  "  for  these  strata,  and  most  recently  he  considers  this  group  as 
identical  with  his  **  Tanol  series,"  which  is  extensively  developed  in  the  northern 
part  of  Hazara;  but  such  a  homotaxis  can  hardly  be  maintained.  Wynne's 
"Infra-triassic  group,"  or  the  group  "  Below  the  Trias"  of  our  joint  memoir  on 
Mount  Sirban,  consists  chiefly  of  cherty  dolomites,  and  exhibits  sandstones 
and  quartzites  in  a  subordinate  manner  only,  whilst  according  to  the  sections 
published  by  Mr.  Wynne,  the  Tanol  series  consists  chiefly  of  slates,  sandstones, 
and  quartzites,  to  which  the  dolomitic  limestones  are  subordinate. 

Besides  this  the  thickness  of  the  group  "  Below  the  Trias  "  and  that  of  the 
Tanok  is  so  enormously  different  that  a  comparison  between  the  two  is  barely 
possible. 

The  only  formation  to  which  the  Tanol  series  seems  to  bear  some  resemblance 
is  the  silurian  of  the  more  central  parts  of  the  Himalaya  (Milam  pass,  Niti 
pass),  where  the  f ossiliferous  beds  consist  also  of  white  sandstones. 

The  apparent  superposition  of  these  Tanol  rocks  over  the  carboniferous 
Attock  slates  can  be  no  reason  for  the  rejection  of  such  a  parallelisation.  Before 
it  is  possible  to  accept  Wynne's  view  that  the  Tanols  are  more  recent  than  the 
Attock  slates,  and ,  pass  upwards  into  the  gneiss  which  composes  the  central 
Himalayan  chains,  much  stronger  proofs,  stratigraphical  as  well  as  palaeontolo- 
gical,  than  those  published  in  his  memoir  must  be  adduced ;  and  until  decisive 
materials  are  available,  it  will  be  much  more  prudent  to  consider  the  whole  silurian 
Tanol  series  as  overthrown  and  faulted  against  the  Attock  slates.  Then  the 
riddles  of  the  geology  of  Hazara  will  easily  be  solved. 
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On     ▲  MABGINAL  BONB   OF  AN   UNDBSCRIBBD   TORTOISE,   FROM    THE    IJPFBB    SlWALIKS, 

NEAR  NiLA,  IN  THE  PoTWAB,  PuNJAB,  hy  W.  THEOBALD,  Qeologtcal  Survey  of 
India, 

Tlie  bone  wliicli  forms  the  snbject  of  the  present  remarks,  and  of  which  a 
figure  of  the  natural  size  is  given,  is  remarkable  for  exhibiting  a  stractnral  adapt- 
ation which  exists  in  no  living  species,  and,  so  far  as  I  am  aware,  has  not  yet  been 
described  in  any  fossil.  It  will  be  necessary,  therefore,  to  refer  it  to  a  new  genus 
which  I  propose  to  associate  with  the  name  of  the  illustrious  fellow-worker  of 
Falconer,  Colonel  Gautley,  and  characterize  as  follows  :— 

Cautlbya. 

Genus  Emydinorum,  novum,  in  quo  sternum,  et  thorax,  et  ossa  marginalia, 
Butura  tripartita  cartilagine&  junguntur,  sectionem  morsum  hirudinis  simul- 
antem  monstrante. 

The  above  character  suffices  to  demonstrate  the  distinctness  of  the  species 
under  consideration  from  any  previously  described,  and  the  specific  designation 
is  derived  from  the  most  prominent  character  of  the  animal  as  yet  known,  and 
in  the  annular  arrangement  of  the  marginal  bones, 

C,   ANNULIQER,  n.  S. 

The  marginal  bone,  wbereon  I  base  the  above  genus  and  species  (and  which, 
except  a  slight  fracture  at  one  comer,  is  perfect),  is  trapezoidal  in  shape  and 
cuneifoim  in  section.  It  presents  an  upper  and  under  surface,  respectively  slightly 
concave  and  convex,  which  were  shown  to  have  been  external  surfaces  by  the 
clearly  marked  furrow  which  traverses  them,  and  indicates  the  junction  of  the 
superficial  or  dermal  scutes  (fig.  1,  a  2»,  fig.  2,  cd).  The  bone  is  bounded  laterally 
by  a  jagged  sutural  surface,  whereby  a  complete  and  rigid  bony  union  was 
effected  between  it  and  the  adjoining  marginals,  which  must  have  constituted 
an  encircling  bony  ring  of  an  extremely  iigid  character,  from  the  great  horizontal 
breadth  of  the  bones  in  question.  The  peculiar  and  characteristic  feature,  how- 
ever, of  the  bone  lies  in  its  internal  margin  (fig.  3,  efg)  which  displays  a  smooth 
surface,  indicating  a  cartilaginous  union  only,  with  the  bones  of  the  sternum  and 
thorax.  This  inner  marginal  surface  is  obscurely  divided  into  two  areas  of 
unequal  breadth,  of  which  the  lower  is  broader  and  opposed  to  the  sternal  plate, 
whilst  the  upper  and  narrower  surface  receives  the  thrust  of  the  bones  of  the 
thorax.  The  thorax  and  sternum  were  no  doubt  united  by  a  cartilaginous  suture, 
as  a  cartilaginous  junction  with  the  marginal  is  opposed  to  the  idea  of  a  rigid  bony 
union  between  the  bones  in  immediate  contact  with  them,  since  a  rigidly  anchylosed 
bony  ring  united  only  by  cartilage  to  bones  themselves  joined  by  a  bony  suture, 
could  lend  no  additional  strength,  though  it  undoubtedly  would  do  so  supposing 
it  to  cover  and  defend  a  cartilaginous  union  of  the  sternal  and  thoracal  bones. 

The  length  of  the  external  margin  is  5*5  inches,  which  indicates  approximately 
an  tvm'Tnii.1  close  on  10  feet  in  circumference.  The  condition  of  the  suture  shows 
that  the  individual  was  not  of  full  age,  and  12  or  14  feet  may  probably  be  assumed 
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as  not  an  over  estimate  of  the  dimensions  of  the  fully  adalt  animal,  which  pro* 
bahlj  exceeded  the  dimensions  of  the  largest  Ohitra,  though  onr  positive  knowledge 
of  the  precise  limits  attained  by  onr  living  Chelonian  is  singularly  meagre  and 
limited.  That  GautleyawBB  an  aquatic  species  may  be  inferred  from  the  cartilaginous 
union  of  the  bones  of  its  case,  which  in  living  species  is  seen  in  such  fluviatile  forms 
as  Cuora  and  Cyclemys  and  is  unknown  in  terrestrial  forms.  The  opposite  con- 
clusion, however,  among  Cholonia  cannot  be  drawn  from  the  complete  ossification 
of  the  body  case,  as  Batagur  and  its  allies  are  possessed  of  as  completely  ossified  a 
case,  though  strictly  aquatic,  as  Test^o,  which  is  entirely  terrestrial. 

The  specimen  was  obtained  near  Nila,  on  the  Sohan  river,  in  the  Rawal- 
pindi district,  in  upper  Siwalik  strata,  and  in  company  with  remains  of  Mastodon 
perimensis,  F.  et  C,  If.  pandionis,  F.,  PaUBopithecus  sivalensis,  Lyd.,  Acerrotherium 
perimense,  F.  et  C,  and  other  Siwalik  fossils. 

Among  the  collection  from  the  same  locality  are  fragments  of  a  large  Testu- 
dine,  exceeding  in  size  the  living  Matumria.  They  consist  of  one  anchylosed 
pair  of  epistemal  bones,  with  a  transverse  diameter  of  8*5  inches  (allowing  for 
a  slight  fracture)  ;  a  single  right  epistemal  bone  of  a  rather  larger  size,  2*5  inches 
thick  and  6*25  long,  and  a  free  marginal  (that  is,  one  anchylosed  to  the  thorax 
only)  3*3  broad  and  4*5 long  (measuring  from  the  outer  margin). 

These  bones  would  indicate  an  animal  nearly  as  large  as  the  last^  and  probably 
fully  equal  to  it  iji  bulk.  At  present,  however  (with  no  other  materials),  it  seems 
undesirable  to  give  it  a  name. 


Sketch  of  the  Oeologt  of  Nobth  Abcot  District,  hy  R.  Bruce  Footb,  F.G.S., 

Oeological  Sivrvey  of  India. 

The  North  Arcot  District,  one  of  the  purely  inland  districts  of  the  Madras 

Presidency,  is  topographically  characterized  by  its  great 
opograp  y-  irregularity    of    surface.      Except    in    its    south-eafitem 

quarter,  the  district  is  extremely  hilly  and  in  some  parts  quite  mountainous.  In 
the  west  and  north-west  it  embraces  a  considerable  part  of  the  high  and  rugged 
eastern  scarp  of  the  great  Mysore  plateau,  from  which  many  long  spurs  jut  out 
far  to  tbe  eastward.  In  the  south-west  it  includes  the  northern  end  of  the 
Javddi  mountains  and  the  Yellore  hills.  In  the  north  it  includes  the  well  known 
Tripatti  mountains,  the  "sacred  hills  of  Trippetty,"  and  the  southern  extremity 
of  the  Vellakonda  (Eastern  GhAts  so-called).  The  north-eastern  comer  of  the 
district  contains  the  Nagari  mountains ;  and  three  groups  of  lower  hills,  the 
Sattavedu,  Alikur,  and  Naikenpalem  hills,  on  the  extreme  eastern  border  of  the 
district,  and  a  considerable  number  of  detached  hills  in  the  gneissic  country  west 
of  the  Madras  railway.  Some  of  these  latter,  as  the  Maddur  (Muddoor),  Sholin- 
ghur,  and  Makrs  Drdg  hills,  and  others,  are  of  considerable  height  and  extent. 
In  the  south-east  of  the  district  only  two  detached  hills  need  be  named,  those  of 
Wandiwash  and  Chitpat  (Chittapett). 
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The  hydrology  of  the  district  is  very  simple,  all  the  drainage  falling  into  the 

Bay  of  Bengal  and  chiefly  by  the  PdUr  river,  which,  rising 

^        ^'  on  the  Mysore  plateau,  drains  the  whole  southern  half  and 

greater  part  of  the  centre  and  west  of  the  district.     The  north-eastern  part  feeds 

the  Korteliar  and  Nagari  (Naggery)  rivers,  and  also  the  Namavaram  and  Suvar- 

namukhi  (Soomamookey). 

The  geological  formations  met  with   in  this   district  may  be  conveniently- 
classified  into  six  groups,  which  may  be  arranged  in  their 
Formations.  .  ,         .  ...  «  ,, 

true  order  of  superposition  as  follows  : — 

r  6.  Soils  and  snbaerial  deposits. 

^wrBT.*""    ^'"•*""-]6.  AUuviBl  depo.it. ;  Suviatile. 

'  4.  Lateritic  sands,  gravels,  and  conglomerates. 

Mssozoic  ...     3.  Upper  Qondw^na  series,  Rajmahal  or  "plant"  beds. 

r  2.  Eadapa  series. 

*"  \\.  Qneissic  series,  with  intmsive  trappean  and  granitic  rocks. 

The  gneissic  series,  which  forms  the  basement  on  which  rest  all  the  other  rocks, 

General  cUstribntion  of      occupies  by  far  the  larger  part  of  the  whole  area  of  the 

the  rocks.  district,  and  it  is  only  in  the  north-eastern  and  eastern 

parts  that  younger  rocks  occur.     The  gneissic  rooks  include  all  the  western  pari 

of  the  district,  and  form  the  rugged  eastern  scarp  of  the 
Gneissic  series.  Mysore  plateau  already  referred  to  (p.  187).  Eastward  of 
the  plateau,  are  numerous  spurs  stretching  away  from  it,  and  eastward  of  th^e 
again  are  numerous  clusters  of  detached  hills,  some  of  considerable  size  and  eleva- 
tion, and  remarkable  for  their  bold  forms  and  great  ruggedness.  These  occupy 
the  gneiss  area  up  to  the  very  convenient  geographical  line  formed  by  the  north- 
west line  of  the  Madras  railway,  eastward  of  which  the  gneissic  rocks  soon  dis- 
appear under  newer  formations,  to  be  referred  to  separately  further  on.  The 
gneissic  area  south  of  the  PIdAr  shows  the  northern  end  of  the  Javidi  mountains 
and  the  hills  east  and  south-east  of  Yellore.  Further  to  the  south-east  the  gpeiss 
area  becomes  comparatively  flat,  and  no  hills  of  any  importance  rise  from  its 
surface,  the  two  hills  of  Wandiwash  and  Ghitpat  (Chittapett)  excepted,  which 
have  already  been  named. 

Returning  to  the  north  of  the  PAUr,  the  gneissic  rooks  are  overlaid  by  great 

masses  of  quartzite  and  conglomerate  belonging  to  the 

Kadapa  series.  Kadapa  series,   which  form   the    greater    part    of    the 

detached  mountains  collectively  known  as  the  Nagari  mountains.     The  south  end 

of  the  Yellakonda  and  the  sacred  hills  of  Tripatti  to  the  north  are  also  formed 

of  rocks  belonging  to  the  same  sub-division  of  the  Kadapa  series. 

The  tremendous  lines  of  scarp  and  often  vertical  clilEs  surrounding  in  many 
parts  the  Nagari  and  Tripatti  mountains  give  a  peculiar  and  grand  character  to 
the  local  landscape. 

South-eastward  of  the  Nagari  mountains  lie  the  three  hiU  groups  before  men- 
tioned (p.  187),  viz.y  the  Sattavedu,  Alikur  (AUcoor),  and 
Upper  Gondwtoa  rocks,     j^aikenpalem  hHls,  consisting  of  great  beds  of  hard  con-' 

glomerates  and  sandstones  in  the  Sattavedu  and  the  eastern  half  of  the  Alikur 
hills,  and  of  uncompacted  conglomerates,  clays  and  shales  in  the  western  half  of 
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the  Alikur  hills  and  the  Naikenpalem  groap.  Some  of  these  beds  are  fossili-' 
feroQSy  and  the  fossils  show  them  to  belong  to  the  tipper  division  of  the  great 
Gondwana  system,  which  includes  all  the  plant-bearing  beds  in  the  peninsular 
area.  The  fossils  agree  in  many  cases,  specially  with  those  found  in  the  Hajmahal 
beds  of  Bengal. 

Sonth  of  the  Naikenpalem  hills  are  other  outcrops  of  the  '*  plant  beds  "  lying 
between  the  Nagari  river  and  the  Kortelliar.  South  of  these  again  and  south 
also  of  the  Palar,  the  Upper  Gondwinas  re-appear  in  a  considerable  number  of 
small  patches  dotted  over  the  surface  of  the  eastern  part  of  the  gneissic  area  in 
the  Arcot  taluq. 

Much  of  the  surface  of  the  '*  plant  beds  "  is  masked  by  lateritic  deposits,  which 

overlap  also  in  many  places  on  to  the  gneiss.     They  do 
not  cover  much  ground  in  North  Arcot.    One  of  the  upper- 
most places  in  the  superposition  of  the  rocks,  but  the  lowest  in  point  of  elevation 

over  the  sea  level,  is  occupied  by  the  alluvial  formations, 
which  are  all  fluviatile.     Although  of  very  limited  extent^ 
they  yet  ofiFer  some  points  of  considerable  interest. 

The  soils  are  of  no  special  interest,  but  among  the  subaerial  deposits,  the  enor- 
mous masses  of  talus  which  surround  the  mountains  in  the  north>«astem  part  of 
the  district  are  remarkable. 

But  very  little  had  been  written  on  the  geology  of  North  Arcot  before  it  was 

taken  up  systematically  by  the  officers  of  the  Geological 
Survey  Department.  Dr.  Buchanan  and  Dr.  Benza  had 
given  short  notes  on  the  geology  of  the  country  along  the  Madras-Bangalore 
road  between  Arcot  and  the  Mysore  frontier,  and  Lieutenant  (afterwards  Colonel) 
Baird  Smith,  of  the  Engineers,  had  published  a  paper  "  on  the  crystalline  structure 
of  the  trap  dykes  in  sienite  of  Amboor,"  entering  elaborately  into  the  questions 
connected  with  the  formation  of  such  rocks. 

The  geological  survey  of  the  district  was  taken  up  in  1863  and  continued  in 

Th  o   1    •    ij?n  ^®  years  1864   and   1865,   the  work   being  undertaken 

me  ueoiogical  survey.        ^^  ^^^  ^    ^    Oldham,  Mr.  W.  King,  and  the  author. 

About  two-thirds  of  the  district  was  surveyed,  the  greatest  part  being  done  by 
Mr.  Oldham,  who  examined  the  south-eastern  and  central  parts,  while  Mr.  King 
surveyed  the  north-western  comer.  The  eastern  part  north  of  the  PaUr,  and 
the  Vellore  and  part  of  the  Gudiattam  (Goriattum)  taluqs  in  the  south-western 
comer  of  the  district^  were  surveyed  by  the  author. 

The  Chittur,  Palamaner,  part  of  the  Gudiattam  taluqs^  and  the  Punganur 
zemindari,  though  not  surveyed,  were  traversed  in  several  directions  by  Mr.  C.  ^. 
Oldham  and  the  author,  and  sufficient  is  known  of  them  to  form  an  idea  of  their 
general  geological  features. 

Of  the  information  gained  by  the  geological  survey  part  only  has  been 
,,  .  , ,. ,    ,       hitherto  published.     So  much  of  the  eastern  part  of  the 

district  as  lies  withm  the  eastern  half  of  sheet  78  of  the 
Indian  Atlas  has  been  illustrated  in  a  geologically  colored  copy  of  that  half  sheet 
printed  in  1872.  The  features  of  the  northernmost  part  of  the  district,  including 
the  Tripatti  and  Nagari  (Naggery)  hills,  were  shown  in  the  small-scale  general 
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map  of  the  region  occupied  by  the  Kadapa  and  Kamul  rocks,  published  with  Mr. 
King's  memoir  on  those  rocks  in  1872,'  and  the  component  rocks  described  in 
that  memoir. 

Of  the  country  illustrated  in  the  geological  edition  of  sheet  78  (eastern  half), 
only  part  has  been  described  in  any  of  the  publications  of  the  Geological  Survey 
hitherto  issued. 

The  part  described  included  the  south-eastern  half  of  the  Wallajah  taluq, 
the  eastern  part  of  the  Karvet  Nacw  zemindari,  and  the  south-eastern  part  of  the 
Galaatri  .eiLdari ;  the  descriptioTof  these  was  given  in  a  Memoir  by  Zanthor 
published  in  1873.'  Brief  references  to  the  three  tracts  just  named  and  to  the  Nagari 
region  had  been  published  rather  earlier  by  Mr.  King  and  the  author  in  two 
papers  in  the  Records  of  the  Qeological  Survey  of  India,  under  the  respective 
titles,  *'  On  the  Kuddapah  and  Kumool Formations"  (1869),  and  "  Notes  on  the 
Geology  of  the  neighbourhood  of  Madras"  (1870).  Some  of  the  geological  features 
of  the  North  Arcot  country  were  also  referred  to  in  a  paper  "  On  the  occurrence 
of  stone  implements  in  the  formations  in  various  parts  of  the  Madras  and  North 
Arcot  districts,"  published  in  the  Madras  Journal  of  Literature  and  Science  for 
1866  by  the  author,  with  notes  by  Mr.  King.  The  same  and  some  other  geolo- 
gical features  of  the  North  Arcot  country  were  touched  upon  in  another  paper 
*'  On  the  distribution  of  stone  implements  in  Southern  India,"  read  by  the  author 
before  the  Geological  Society  of  London  in  1868  and  published  in  the  Society's 
Journal  for  the  same  year. 

The  Memoir  "  On  the  Geology  of  parts  of  the  Madras  and  North  Arcot  districts," 
&c.,*  above  quoted  gave  a  rather  full  account  of  the  Upper  Gondwina  and  over- 
lying lateritic  rocks  in  the  Arcot  district,  as  also  of  the  alluvial  valleys  of  the 
Nagari  and  Namavaram  rivers.  The  information  there  given  will  be  repeated 
in  a  somewhat  condensed  form  in  these  pages,  together  with  a  good  deal  of  new 
matter  not  yet  published,  owing  partly  to  the  non-completion  of  the  survey  of  the 
district,  but  mainly  to  the  premature  decease  of  Mr.  Charles  M,  Oldham. 

The  only  geological  map  on  which  North  Arcot  had  been  represented  on  an 
intelligible  scale  prior  to  the  publication  of  the  geological  edition  of  sheet  78  was 
Grcenough's  general  geological  sketch  map  of  India^  published  in  1854,  a  laborious 
but  in  many  respects  untrustworthy  cpmpiJation.  The  features  of  the  North 
Arcot  country  are  laid  down  very  incorrectly  in  this  map,  the  data  from  which  it 
was  compiled  being  utterly  insufficient  for  the  purpose. 

The  older  rocks  of  the  district  being  in  great  measure  the  source  whence  the 
materials  for  the  formation  of  the  newer  ones  were  derived,  it  will  be  most 
convenient  to  describe  the  several  groups  recognized  in  their  ascending  order  of 
sequence. 

1  Memoirs  Geological  Surrey  of  India,  Vol.  VIII. 

^  Memoin  Geological  Sarvey  of  India,  Vol.  X,  pt.  1 :  "  Ou  the  geology  of  parts  of  the  Madraa 
and  North  Arcot  districts  lying  north  of  the  ViMt  river  and  included  in  sheet  78  of  the  Indian 
Atlas." 

'  Memoirs  Geological  Survey  of  India,  VoL  X,  pt.  1. 
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Gboup  I. — The  Metamarphic  or  Oneissie  rocks. 

It  has  already  been  pointed  ont  that  the  rocks  belonging  to  this  group  occupy 
bj  far  the  greatest  part  of  the  whole  district.  The  predominant  varieties  are 
the  massive  obscurely  bedded  ones  known  among  geologists  as  granite-gneiss  and 
syenite-gneiss.  The  well-bedded  fine-grained  schistose  varieties  are  much  less 
frequently  met  with  than  in  other  parts  of  the  great  gneissic  region,  as  in  the 
Trichinopoly,  Salem,  Madras,  and  Nellore  districts,  but  they  do  appear  locally 
among  the  coarse  granitoid  varieties,  and  occurrences  of  them  will  be  described 
further  on. 

As  in  aU  the  gneissic  regions,  the  rocks  show  abundant  signs  of  having  been 
much  disturbed,  contorted  and  uptilted  since  their  original  deposition,  and 
finally  forced  into  series  of  great  synclinal  and  anticlinal  foldings,  the  edges  of 
which  may  in  some  cases  be  easDy  traced  along  great  distances. 

A  study  of  the  direction  of  the  edges  or  outcrops  of  the  beds,  technically 

called  the  "strike"  of  the  bedding,  shows  that  in  the 
south-eastern  part  of  the  district  the  beds  have  a  strike 
from  south-BOuth-west  to  north-north-east,  but  as  they  are  traced  northward  they 
are  found  to  trend  till  they  run  north-south,  which  is  the  prevailing  strike  in  the 
central  parts  of  the  district.  If  followed  into  the  extreme  northern  part,  they 
will  be  found  to  have  trended  to  north-north-west.  This  change  in  the  strike  is 
part  of  a  great  curve  formed  by  the  metamorphic  rocks  in  the  latitude  of  Madras, 
and  affecting  the  whole  gneissic  series  eastward  of  the  Mysore  plateau. 

In  describing  the  genera^  appearance  of  the  central  part  of  the  district,  Mr. 
Oldham  in  his  notes  remarks  very  aptly :  "  Speaking  generally,  the  whole  area 
might  be  said  to  be  one  of  quartzo-felspathic  gneiss,  commonly  syenitoid  or  grani- 
toid." "  When,  however,  I  say  qnartzo-f  elspathic,  I  do  not  mean  to  imply  that  these 
minerals  only  constitute  the  rock,  but  that  they  preponderate  largely,  and  that 
the  hornblende  and  mica  which  also  enter  into  its  composition  play  a  very  subordi- 
nate part,  except  in  occasional  bands."  These  remarks  apply  equally  well  to  the 
general  features  of  the  rugged  flanks  of  the  plateau  edge  as  seen  in  the  Sainegunta 
and  Mugli  GhAts  and  at  Satghur,  and  to  the  whole  western  part  of  the  district  in 
fact.  They  apply  also  fully  to  the  gneiss  of  the  eastern  side  of  the  district  north 
of  the  Pilir,  but  less  so  to  the  rocks  of  the  south-eastern  taluqs.  Here  and 
around  Yellore  the  well  bedded  varieties  are  rather  more  lai^ly  developed,  and 
they  are  much  less  largely  quartzo-felspathic  in  constitution. 

Commencing  in  the  western  part  of  the  gneissic  area,  the  eastern  edge  of  the 
MjTSore  plateau  consists  mainly  of  coarse  granitoid  gneiss,  which  is  well  seen  in  the 
hills  west  of  Ambur,  at  Satghur,  and  thence  generally  on  the  Sainegunta  and 
Mugli  Gh&ts  leading  to  PaJamaner,  all  around  that  place  and  northward  of  it, 
very  conspicuously  in  the  Gam  Kondas  and  other  hills  stretching  away  to  Avul- 
pilli  Drug.  The  same  description  applies  to  the  whole  of  the  country  between 
Yellore  and  Chittur,  and  to  the  very  hilly  tract  lying  between  the  Poiney  river  and 
the  Madras  railway.  East  of  the  railway  too  the  granitoid  gneiss  extends  under 
the  younger  Kadapa  and  Gondwana  rock  series. 

In  the  southern  part  of  the  gneissic  area,  forming  the  northern  end  of  the 
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Javadi  mountams,  are  great  bands  of  granitoid  gneiss,  some  of  them  remarkable 
for  their  coarseness  of  texture,  which  is  blotchy  and  often  markedly  porphyritic, 
e.  g.y  the  rock  forming  the  mass  of  the  Palikonda  (Policondah)  mountain  and  of 
the  Yaniambddi'  trigonometrical  station  hill,  some  three  or  fonr  miles  to  the  south- 
south-east.  Similar  "blotchy"  gneiss  is  of  very  common  occurrence  elsewhere. 
In  the  Palikonda  hill  the  rock  is  of  a  homblendic  variety,  and  of  grey  color. 

A  remarkably  handsome  variety  of  porphyritic  homblendic  granite  gneiss  of 
rich  green  and  pink  colors  occurs  at  the  western  base  of  the  Nagari  (Naggery) 
Nose  mountain,  and  is  exposed  in  several  cuttings  along  the  Madras  railway 
(north-west  line).  Masses  and  boulders  of  this  variety  are  to  be  seen  included 
in  large  numbers  in  the  basement  conglomerate  of  the  Upper  Gondwina  rocks  in 
the  Pyanur  area  south  of  the  Nagari  river. 

The  contrast  between  the  rich  dark-green  homblendic  matrix  and  the  large 
pink  or  salmon-colored  crystals  of  orthoclase  makes  the  rock  a  very  handsome 
example  of  a  typical  porphyritic  granite  gneiss. 

A  by  no  means  uncommon  fonn  of  the  granite  gneiss  is  one  in  which  the  beds 
Quasi  "  brecciated "  include  masses  of  what  appears  to  be  an  older  gneiss, 
8"«i™-  sometimes  micaceous,   sometimes   homblendic.      The  in- 

cluded masses  present  generally  sub-angular  forms,  but  others  are  well  rounded, 
as  if  they  had  been  boulders,  and  others  again  unquestionably  angular,  so  that 
the  mass  looks  sometimes  conglomeratic,  sometimes  breccioid.  In  other  places 
again,  and  often  within  the  same  beds  and  at  no  great  distance,  the  inclusions  have 
the  appearance  of  having  been  altered  by  concretionary  segregation.  The  in- 
cluded masses  arc  mostly  of  finer  grain  and  of  more  highly  micaceous  or  hom- 
blendic character  than  the  surrounding  masses.  There  can  be  little  doubt  that 
in  some  cases  the  included  fragments  are  really  remains  of  oider  rocks,  and  the 
whole  rock  a  true  breccia  or  conglomerate.  In  other  cases,  however,  the  inclusions 
are  in  all  probability  mere  local  aggregations  of  the  prevalent  or  most  striking 
mineral.  An  example  of  this  latter  kind  is  to  be  seen  in  the  Chikeli  Drug  hill, 
a  little  to  the  south-east  of  Kaneambadi  pass,  nine  miles  south  of  Vellore.  Good 
examples  of  this  quasi-conglomeratic  and  brecciated  structure  may  be  seen  to  the 
west  of  the  Nagari  railway  station,  in  the  low  hills  close  to  the  railway  at  Ra- 
nawaram  near  the  Sholinghur  station,  and  in  the  southern  part  of  the  district  at 
and  to  the  south  of  Chitpat  (Chittapett),  and  at  Erumbaucum,  eight  miles  to  the 
east-south-east  of  Arcot,  and  on  the  eastern  side  of  the  district  at  Gudinaucarur, 
six  or  eight  miles  east  of  Wandiwash. 

Of  the  more  schistose  bands  of  gneiss,  the  most  noteworthy  is  the  great 
Scb'iBtoBe  band  of  Kai-  niicaceous  band  forming  the  Kailasagiri  peak,  six  miles 
la8»pri,  south-west-by-south  of  Vellore,  which  rises  in  a  bold  peak 

to  an  elevation  of  2,677  feet  above  sea  level.  This  gneiss  is  compact  and  massive 
in  structure,  and  has  been  uptilted  to  a  very  high  angle,  the  true  dip  of  the  beds 
vailing  from  80°  to  85**.  The  strike  of  the  beds  corresponds  with  the  direction 
of  the  highest  part  of  the  ridge  and  is  north  6**  east. 

The  veiy  coarse  gametiferous  micaceous  gneiss  of  Chikeli   Drug  (already 

1  This  place  muet  not  be  confounded  witb  tbe  town  and  railway  station  of  the  eame  name  on 
the  northern  boundary-  of  Sulcm  district. 
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referred  to)  extends  northward  info  the  Vellore  hills,  and  forms  a  considerable 
piirt  of  the  main  ridge  of  the  hill  g^ap. 

Beds  of  magnetic  iron  occur  here  and  there  in  the  sonth-west  corner  of  the 

district,  e.  ^.,  to  the  south  of  Gudjatam  (Goriattum), 
^  *  half  a  mile  south  of  the  great  tank,  and  again  two  and  a 

half  miles  west  of  Yellore  railway  station.  These  beds  are  small,  but  interesting, 
as  there  can  be  no  doubt  that  thej  are  representatives  of  some  of  the  numerous  beds 
occurring  south  of  the  Javidi  hills  in  Salem  district.  Others  of  these  richly 
ferruginous  beds  are  in  all  probability  represented  by  various  quartzose  gneiss 
beds,  very  strongly  iron-stained,  which  occur  in  this  quarter.  The  quartz  of  those 
beds  is  stained  of  purplish  or  reddish  color,  and  frequently  shows  a  brown  ferrugi- 
nous incrustation  in  the  cavities  between  the  laminae,  as  also  numerous  little 
cavities  in  the  lamination  which  appear  once  to  have  been  filled  by  some  mineral 
or  other  now  wanting.  These  beds  have  a  striking  resemblance  to  the  poorly 
ferruginous  parts  of  many  of  the  typical  magnetic  iron  beds  of  the  Salem  region. 
Good  examples  of  these  iron-stained  beds  are  to  be  seen  in  the  Yellore  hills  and 
in  the  large  detached  hiU  three  miles  south  of  Yellore. 

Probable  representatives  of  the  magnetio  iron  beds  are  also  the  numerous 
Qaartxo-ferraginous  quartzo-ferruginous  beds  noted  by  Mr.  C.  M,  Oldham  in 
beds.  the  Arcot  and  Wandiwash  taluqs.     His  notes    unfortu- 

nately do  not  mention  the  form  in  which  the  iron  occurs.  The  geographical 
situation  points,  however,  strongly  to  these  being  continuations  of  the  numerous 
magnetic  iron  beds  occurring  to  the  east  and  north  of  the  Kabroyen  mountains 
in  South  Arcot,  beds  which  themselves  are  unquestionably  north-easterly  exten- 
sions of  some  of  the  great  magnetite  beds  of  Salem  district.  Associated  with 
these  quartzo-ferruginous  beds  in  the  south-eastern  part  of  the  distnct  are  also 
numerous  beds  of  hornblendic  ferruginous  gneiss. 

These  occur  chiefly  in  the  tract  of  country  between  Arcot  and  Wandiwash. 
Hornblendic  ferrugin-  To  the  eastward  of  this  hornblendic  band  lies  a  broad 
ons  beds.  zone  of  highly  granitoid  quartzo-felspathic  gneiss  which 

extends  to  the  boundary  of  the  Chingleput  (Madras)  district ;  the  great  Wandi- 
wash hill  belongs  to  this  band. 

In  the  more  granitoid  region  north  of  the  PAlAr  hornblendic  forms  are  much 
less  common  than  the  quartzo-felspathic  forms  of  gneiss. 

Ferruginous  beds  were  noted  by  Mr.  C.  M.  Oldham,  chiefly  near  the  Poiney 
river,  e,  g.f  north  of  CheDempoUian ;  south-west  of  Bomupilli,  eight  or  ten  miles  to 
the  north-north-westward ;  and  lastly,  to  the  north  of  Maimandalum,  on  the 
western  side  of  the  Poiney  river. 

Talcose  beds  occur  only  in  a  few  places.     Three  were  noted  by  Mr.   Oldham, 

all  of  small  importance.  They  occur  at  Damavapak 
Tbloosebedf.  (Damarpauk),  north  of  Ami,  a  little  to  the  west  of  the 

road  to  Arcot,  at  a  place  on  the  left  bank  of  the  Poiney  river,  eight  miles  north- 
north-west  of  Ranipet  cantonment,  and  lastly,  a  little  to  the  south-east  of  MurtapiUi 
and  twenty  miles  north  of  the  last  named  locality.  An  extremely  quartzose  band 
of  gneiss  is  seen  to  the  north-west  of  Sholinghur  and  north  of  Bandareddi 
(Bundaddy). 
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In  a  district  where  bo  large  an  area  is  occupied  by  intensely  granitoid  gneiss,  its 
characteristic  features  are  of  conrse  to  be  seen  to  great  advantage  in  manj 
places,  particularly  along  the  two  lines  of  railway  diverging  from  Arconnm  junction. 
Especially  characteristic  are  the  hills  of  Maddur  Drug  and  Trittan  on  the 
north-west  line,  and  those  of  Sholinghur,  Nelaoontriapetta,  and  Oudydtam 
(Goriattum)  on  the  south-west  line  ;  all  of  these  show  great  bare  masses  of  rock 
with  tors,  and  here  and  there  great  precipitous  clifGs. 

Of  the  tors  the  two  most  remarkaUe  groups  are  both  near  Nagari ;  the  one, 

between  the  railway  and  the  foot  of  the  Nagari  mountaiii 

close  to  the  northern  end  of  the  pass  trayersed  by  the  old 

high  road  to  Kadapa ;  the  other,  at  Neddiem  (Neddum)  on  the  north  bank  of 

the  Nagari  river,  four  miles  above  the  railway  bridge.     Both  groups  are  of  great 

size  and  height  and  form  conspicuous  objects  from  considerable  distances. 

A  very  common  accessory  mineral  occurring  in  the  granite  gneiss  is  epidote, 
in  its  pale  apple-green  variety  known  as  pistacite ;  it  occurs  scattered  through  the 
general  mass  of  the  rocks,  or  in  minute  veins,  and  very  commonly  as  a  thin  coat- 
ing to  planes  of  jointing. 

Books  intruded  iirro  the  Oneissig  Series. 

The  crystalline  rocks  intruded  into  the  gneissic  series  are  referable  to  four 
groups — ^granite  veins,  felspathic  porphyries,  quartz  veins,  and  trap  dykes.  Of  the 
four  groups,  the  last  is  by  far  the  most  important,  and  the  first  the  least  so,  granite 
veins  being  very  rare  and  of  small  size ;  the  trap  dykes,  on  the  contrary,  extremely 
numerous,  and  many  of  them  of  large  size,  and  forming  important  features  in  the 
landscape  in  very  many  parts  of  the  country. 

The  granite  veins  seen  in  North  Arcot  are,  with  one  exception,  of  quite  small 
.  size,  and  all  appear  to  consist  of  a  binary  rock,  in  which 

only  quartz  and  felspar  are  recognizable.     Some  of  them 
contain  a  few  scattered  ciystals  of  epidote  as  an  accessory  mineral. 

Numerous  veins  of  veiy  small  size  of  dark  salmon-red  color,  and  highly 
felspathic  in  character,  occur  in  the  gneiss  to  the  south  of  the  railway  station  at 
Yellore,  and  a  larger  but  still  small  vein  of  the  same  kind  occurs  at  Vajur 
(Vanjoor),  two  miles  south-west  of  the  railway  station. 

The  most  important  granitic  protrusion  noted  is  a  vein  occurring  at  Tarur 
(Turroor),  eight  miles  east  of  the  great  Kaveripak  (Covrepauk)  tank,  and  about 
ten  miles  south-west  of  the  Arkonum  railway  junction.  It  forms  a  bare  and 
generally  smooth  ridge  one  and  a  quarter  mile  long,  about  40  feet  high  at  its  summit. 
It  is  a  binaiy  quartzo-felspathic  granite  of  coarse  grain  and  full  of  minute 
cracks. 

The  very  handsome  green  and  pink  syenitoid  rock  occurring  at  the  western 
base  of  the  Nagari  mountain  has  been  referred  to  before  (p.  192)  when  ti«at- 
ing  of  the  gneissic  rocks,  but  the  rock  is  so  extremely  crystalline  that  it  might 
easily  be  taken  for  a  truly  intrusive  rock,  and  the  more  so  as  the  position  it 
occupies  with  reference  to  the  surrounding  unquestionably  gneissic  rocks  is  rather 
obscure. 
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Tlie  f  elspatliic  porphyries  occurring  in  North  Aroot  district  are  very  interesting, 

.  as  being  the  only  examples  of  this  species  of  rock  known 

P*  *  PO'P  y  •  ^  ^Yte  south  of  the  peninsula.  Several  very  fine  veins  of 
this  porphyry  occur  south  of  the  Palikonda  mountain  (p.  192),  and  two  of  them 
may  be  traced  for  several  miles  in  an  east-to-west  direction.  In  width  they  vary 
from  20  to  50  feet,  and  vary  in  color  from  smoky  grey  to  pale  drab,  when  freshly 
broken.  Numerous  prisms  of  flesh-colored  or  white  felspar  from  |^th  to  ^  an 
inch  long  are  included  in  the  felspathic  matrix.  Small  acicular  crystals  of 
dark  green  hornblende  are  less  frequently  included.  The  felspar  crystals  often 
stand  out  in  great  perfection  on  the  weathered  surfaces,  and  in  some  parts  of  the 
veins  the  included  crystals  form  nearly  half  the  mass.  A  little  distance  south 
of  the  western  end  of  these  two  veins  is  a  third  in  which  the  included  small  dark 
green  acicular  hornblende  crystals  are  numerous,  but  the  felspar  crystals  of  rare 
occurrence  in  the  greyish-white  fel^athic  matrix.  The  felspar  ciystals  are  whit« 
and  show  very  faintly. 

On  the  east  flank  of  the  Palikonda  mountain  is  a  drab  or  pale  bufE-colored 
Tein  which  appears  to  cross  the  mountain,  for  a  precisely  similar  rock  shows  on  the 
west  flank.  In  this  case  the  included  ciystals  consist  of  felspar  and  quartz. 
Two  other  small  veins  of  the  same  character  appear  on  the  west  flank  close  to 
the  north-west  comer  of  the  mountain,  and  a  third  of  smoky  grey  color,  with 
reddish  felspar  crystals,  runs  nearly  east-to-west  for  two  or  three  hundred  yards 
parallel  with  the  high  road  to  Bangalore  on  the  north  side  of  the  moimtain. 

Another  small  vein  of  the  felspathic  porphyry  occurs  in  the  centre  of  the 
valley  west  of  Kailasagiri  peak  (south-south-west  of  VeUore)  ;  it  is  of  the  same 
eharacter  as  those  just  described. 

In  point  of  age  these  porphyry  veins  seem  to  be  newer  than  the  trap  dykes 
they  cut  in  their  course.  Unfortunately  this  point  could  not  be  definitively 
settled  owing  to  the  presence  of  soil  and  debris  at  the  points  of  intersection. 

Quartz  veins  axe  not  very  conmion.     A  few  were  noted  by  Mr.  Oldham  in  the 

Wandiwash  and  Arcot  taluqs ;  they  are  of  good  size  (two 
^^^'         '  to  three  miles  in  length),  but  offer  no  spemal  features  of 

interest ;  their  course  is  either  north-east-by-east  to  80uth-west4>y-west,  or  north, 
west-by-north,  south-east-by-south. 

The  trappean  rocks  seen  in  North  Arcot  district  all  occur  in  the  shape  of 
_,       ,  ,  dykes,  often  of  great  size  and  length,  and  forming  im- 

portant features  in  the  landscape.  They  occur  commonly 
in  all  parts  of  the  district,  and  in  the  central  part  occur  frequently  in  very  large 
numbers. 

The  great  majority  of  the  dykes  tsonsist  of  coarse  homblendic  trap,  a  form 
of  greenstone,  and  there  is  in  very  many  cases  a  direct  proportion  between  the  size 
of  the  dyke  and  the  coarseness  of  the  rock  composing  it.  Many  of  the  dykes 
are  markedly  porphyritic  in  structure,  including  numerous  crystals  of  felspar  in 
a  homblendic  or  homblend(5-fel6pathic  matrix.  If  classified  according  to  the 
directions  of  their  courses,  the  dykes  wiU  be  found  referable  to  two  great  systems, 
of  which  the  one  runs  north  to  south,  roughly  speaking,  and  the  other  east-by- 
north  to  west-by-south.     In  the  fonner,  the  course  is  less  constant,  and  varies  by 


196  Records  of  lie  Geological  Survey  of  India.  [vol.  xn. 

5®  or  BO  east  or  wesi  of  north.  A  relatively  small  nnmber  of  dykes  does  not 
come  under  either  of  these  two  systems,  but  they  offer  no  special  differences  in 
mineral  character,  or  otherwise  to  require  any  detailed  notice.  There  is  no 
marked  difference  between  the  trap  rock  forming  the  members  of  the  two  sjrstems, 
and  they  appear  to  belong  to  the  same  geological  age.  Both  agree  in  being 
older  than  the  Kadapa  system  of  rocks  which  they  nowhere  intrude  into.  The 
relations  of  the  dykes  at  their  crossings,  are  obscure  in  all  cases  in  this  district^ 
but  the  intersections  of  other  dykes  of  precisely  similar  rock  and  running  in 
corresponding  directions  in  more  northerly  parts  of  the  gneiss  area,  e.  ^.,  in 
Bellary  district  and  the  Baichur  doab,  appear  to  show  that  the  filling  up  of  both 
sets  of  fissures  by  the  irruptive  material  was  simultaneous,  no  difference  or  change 
of  any  kind  being  observable.  Yery  large  and  important  dykes,  such  as  the 
great  dyke  at  Sholinghur  and  some  in  the  Maddur  (Muddoor)  and  Trittani  hills, 
rise  to  heights  of  several  hundred  feet  above  the  surface,  and  form  bold  and 
striking  ridges  and  crests. 

Some  of  the  dykes,  such  as  the  Sholinghur  dyke  and  the  Permalrajapet 
dyke,  some  eight  miles  to  the  east,  are  distinctly  and  strongly  magnetic  and  affect 
the  compass  needle  greatly.  This  phenomenon  was  also  noticed  in  the  dyke 
lying  to  the  west-by-south  of  the  village  of  Poiney,  but  not  elsewhere. 

Excepting  a  little  pale  iron  pyrites  (marcaaite)  no  accessory  minerals  have 
been  noticed  in  any  of  the  dykes.  The  pyrites  were  seen  in  some  of  the  dykes 
traversing  the  hill  east  of  Vellore  town. 

Well  charaolerized  examples  of  porphyritio  g^reenstones  are  to  be  seen  to  the 
south-east  of  Banipet  cantonment,  and  in  the  railway-cutting  south  of  Pudi 
station  on  the  north-west  line  of  the  Madras  railway.  As  a  rule,  with  few  or  no 
exceptions,  the  greenstone  weathers  more  slowly  than  the  surrounding  gneissic 
rock,  and  consequently  the  dykes  form  ridges  running  over  hill  and  dale,  and 
from  their  dark  color  contrasting  strongly  s^^ainst  the  gneiss. 

The  courses  of  many  of  the  dykes  may  be  followed  for  twenty  or  thirty  miles 
or  even  more,  and  the  larger  ones  have  a  width  of  from  50  to  100  paces.  The 
network  formed  by  these  multitudinous  dykes  is  one  of  the  most  remarkable  dis- 
plays of  trappean  injection  known  in  any  country. 

The  Kadapa  Series. 

The  representatives  of  the  Kadapa  series  are  confined  to  the  north-eastern 
comer  of  the  district,  where  they  form,  as  already  pointed  out^  the  main  mass  of 
the  Nagari  group  of  mountains,  the  Tripatti  hiUs,  and  the  extreme  south  end  of 
the  Vellakonda  range.  The  remarkable  and  highly  picturesque  scenery  of  this 
region  is  due  to  the  great  mural  scarps  into  which  the  massive  quartzite  beds  have 
been  worn. 

The  Nagari  mountains  form  several  outliers  detached  from  the  main  area  of 

the  Kadapa  rocks,  of  which  the  Tripatti  hills  and  the  end 

of  the  Vellakondas  form  the   southernmost  extremities. 

The  principal  outliers  are  four  in  number,  the  Nagari  Nose  mountain  forming  the 

most  southernly  of  the  number.     North  of  this  is  the  Narnavaram  ridge,  a  long 
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narrow  ridge  lying  north-east  of  the  Tillage  of  Namavaram,  and  not  to  be  con- 
founded with  the  Namayaram  peak,  which  forms  'the  southern  end  of  a  large 
outlier  which  includes  the  Saddashemallai  or  Sathuskonda,  the  highest  member 
of  the  Nagari  group,  and  the  mountains  south  of  Kalabastri  (Galaetsy).  The 
fourth  large  outlier  includes  the  Binsagiri  and  the  Kambakam  (Cumbaucum) 
Drug  mountains. 

Many  of  the  quartzite  beds  which  rest  on  the  gneiss  in  marked  unconformity 
^  ,   ,    .    ,  ,       .  are  coarsely   conglomeratic,  including  pebbles  of  gneiss, 

quartz,  and  occasionally  of  nbbon  jasper.  The  quartzites 
are  generally  very  massive,  and  semi-yitreous  in  texture,  and  occur  in  thick  beds 
which  often  show  but  little  lamination.  The  surface  of  some  of  the  beds  is  often 
covered  thickly  with  small  annular  markings,  as  if  they  had  been  stamped  all  over 
with  an  ordinary  wad-cutter.  No  satisfactory  explanation  of  the  cause  of  these 
markings  had  yet  been  offered.  In  some  beds  the  rippUng  caused  by  current 
action  has  been  beautifully  preserved. 

The  prevalent  colors  of  the  quartzites  are  pale  greys  and  drabs,  all  weathering 
to  shades  of  buff  or  pale  orange.  The  principal  lines  of  scarp  face  the  south,  e.  ^., 
those  of  the  Nagari  Nose,  the  Namavaram  peak,  the  Saddashemallai,  and  the 
Tripatti  mountains,  but  very  fine  east  and  west  scarps  are  seen  on  the  Binsagiri. 
The  three  scarps  first  mentioned  are  in  many  parts  quite  vertical,  and  form  per- 
fectly bare  walls  of  rock  from  a  few  hundred  to  over  a  thousand  feet  in  height. 
The  smaller  outliers  show  some  of  the  lowest  beds,  but  are  of  no  special  interest. 

The  whole  of  the  beds  exposed  in  the  North  Arcot  district  belong  to  the 
second  lowest  of  the  divisions  recognized  in  the  Kadapa  series  by  Mr.  Bang'  and 
cnJled  by  him  the  Nagari  series,  a  yet  lower  series  underlying  the  Nagari  beds 
having  been  recognized  by  him  further  north  near  the  Papagni  river  in  Kadapa 
district. 

The  most  southerly  recognized  outcrop  of  the  Kadapa  beds  is  the  Nagari  Nose 
mountain,  but  it  is  not  improbable  that  some  large  detached  masses  of  quartzite 
occurring  at  the  base  of  the  Gondwana  rocks  at  Naikenpalem,  eight  miles  further 
south-east,  ought  to  be  regarded  as  relics  of  the  basement  bed  of  the  Nagari 
group.     These  masses  of  quartzite  will  be  referred  to  again  further  on. 

The  IJppbr  QondwIna  Series,  Eajmahal  Gboitp. 

The  great  series  of  rocks  known  under  the  name  of  the  Upper  Gondwana^ 
which  occupy  a  very  important  position  in  the  northern  half  of  the  peninsular 
area,  are  represented  in  the  Madras  region  by  considerable  formations  of  great 
interest,  because  they  contain  fossil  plants,  some  of  which  are  identical  with  those 
occurring  in  the  Upper  Gondwana  formations  of  the  Bajmahal  hills  in  Bengal. 

Their  representatives  in  North  Arcot  occur  in  two  positions,  one  north, 
the  other  south  of  the  Piilir.  In  the  first  wo  may  conveniently  distinguish 
three  localities,  the  Sattavedu,  the  Alikur  (Alcoor),  and  the  Pyanur  areas ;  in 
the  second  there  are  some  twenty-five  small  patches  scattered  widely  over  the 
surface  of  the  gneissic  area  in  the  Arcot  taluq,  a  few  miles  south-west  of  Con- 

>  See  Memoirs  Geological  Sanrey  of  India,  Vol.  VIII. 
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jeyeram.  The  most  important  and  the  greater  number  of  these  patches  lie 
around  the  great  M&mdur  (Maomdoor)  irrigation  tank,  and  hence  the  group  may 
be  conyeniently  called  the  Mamdur  group.  Three  small  outlying  patches  occur 
twenty  miles  further  to  the  south-west  in  the  Ami  zemindari.  This  group  of 
small  patches  are  evidently  the  remnants  of  a  once  extensive  spread  of  the  Upper 
Gondwana  rocks,  which,  in  all  probability,  was  continuous  with  the  beds  of  the 
same  age  to  the  north  and  north-east,  and  very  likely  also  extended  far  enough 
southward  to  join  the  Utatur  (Ootatoor)  *'  plant  beds  "  in  Trichinopoly  district. 

Great  denudation,  especially  in  the  area  south  of  the  Palir,  beginning  probably 
in  precretaceous  times,  separated  the  Gondwina  rocks  into  the  many  detached 
outliers  now  enumerated^  while  their  surface  is  largely  obscured  by  the  overlying 
younger  lateritic  and  alluvial  formations. 

As  before  mentioned,  the  Upper  Gondwina  beds  of  the  Madras  region  have 

.     .  been  divided  into  two  groups,  called  after  the  localities  in 

which  best  developed,  the  BaUavedu  and  Sripermatur 
groups ;  the  division  is  chiefly  based  on  petrological  differences,  the  actual  strati- 
graphical  relations  being  very  obscure  and  somewhat  doubtful  owing  to  the  in* 
sufficiency  of  existing  sections. 

The  Sattavedu  group,  which  consists  mainly  of  coarse,  well  consolidated  con- 

glomerates  and  sandstones  of  great  thickness,  forms  the 
mass  of  the  Sattavedu  and  the  northern  and  eastern  parts  of 
the  Aliknr  hills,  while  beds  of  uncompacted  conglomerate  with  intercalated  clays 
and  shales  appear  to  tmderlie  the  hard  Sattavedu  beds  in  the  western  and  southern 
parts  of  the  Alikur  hills.  Unfortunately  no  section  exists  (or  existed)  showing 
the  two  sets  of  beds  in  actual  contact,  hence  their  stratigraphicaJ  relations  are 
still  doubtful. 

The  soft  beds  have  been  referred  provisionally  to  the  'Sripermatur  group  on 

petrological  grounds,  the  resemblance  of  the  softer  rocks 
^^  being  much  stronger  to  the  rocks  found  in  the  Sripermatur 

outcrop  in  Chingleput  district,  than  to  the  coarse  and  compact  conglomerates  and 
sandstones  of  the  Sattavedu  and  eastern  Alikur  hills. 

The  whole  of  this  outcrop  is  made  up  of  alternate  bands  of  hard  conglomerates 

and  sandstones,  many  hundred  feet  in  aggregate  thickness. 

The  Sattavedu  area.  -i      ^  i  j       i  mi.  i  x 

and  of  more  or  less  red  color.     The  conglomerates  are 

made  up  of  large  well  rounded  smooth  quartzite  pebbles,  with   a  small  number  of 

similar  pebbles  of  granite  gneiss,  the  whole  strongly  cemented  by  a  matrix  of 

variable  character,  sometimes  argillo-ferruginous,  ferrugino-arenaceons,  cfr  more 

rarely  siliceo-calcareous.     The  sandstones  are  mostly  rather  gritiy  in  texture,  and 

contain  here  and  there  a  few  plant  remains,  among  which  Mr.  King  found  a  frond 

of  Didyozamites  indicuF,  one  of  the  most  characteristic  Rajmahal  plants.     The  beds 

have  a  generally  eastward  dip  at  moderate  angles.     The  area  of  the  outcrop  is 

nearly  co-extensive  with  that  of  the  hill  group,  and  measures  about  sixteen  miles. 

The  Alikur  area  is  separated  from  the  foregoing  only  by  the  narrow  alluvial 

valley  of  the  Namavaram  river,  under  which  the  beds  are 

The  Alikiir  area.  doubtless  continuous.     The  eastern  half  of  the  Alikur  hill 

group  consists  of  hard  conglomerates  and  sandstones,  apparently  continuations  of 
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the  heda  forming  the  south-western  part  of  the  Sattayeda  hills.  LiKe  these  they 
have  a  more  or  less  easterly  dip,  and  disappear  under  the  lateritic  beds,  which  lap 
round  the  eastern  foot  of  the  hills,  and  which,  together  with  the  great  talus 
which  has  accumulated  on  the  base  of  the  slopes,  completely  obscure  all  the  rela- 
tions between  the  lower  and  upper  rocks.  No  fossils  were  found  in  the  Alikur 
hills.  The  hard  beds  occupy  only  about  a  third  of  the  area  of  the  Alikur  out- 
crop, the  remainder  being  formed  of  the  soft  beds  assumed  to  belong  to  the  Sri- 
permatur  group,  and  which,  as  already  mentioned,  appear  to  underlie  the  hard 
beds  conformably.  No  section  was  found  showing  these  two  dissimilar  series  in 
contact  where  they  approach  each  other  in  the  centre  of  the  Alikur  hill  group, 
but  as  far  as  the  rounded  outlines  of  the  hills  at  that  point  serve  to  guide  the  eye, 
there  is  an  undoubted  dip  of  the  softer  beds  under  the  hard  conglomerate.  No  • 
sign  of  any  fault  could  be  traced,  but  from  the  peculiar  nature  of  the  case,  a  fault 
of  gzeat  importance  might  well  exist,  and  yet  be  completely  hidden  by  the  vast 
quantity  of  debris  and  talus  which  everywhere  almost  cumber  the  surface  even  of 
Bteep  slopes.  The  nearest  visible  approach  of  the  two  series  is  a  short  narrow 
east  and  west  ridge  abutting  at  right  angles  against  the  hard  basement  conglo. 
merate  of  the  Sattavedu  series,  which  here  forms  a  conspicuous  north  and  south 
ridge  parallel  with  several  of  similar  character  further  east,  each  representing  a 
great  conglomerate  bed.  The  valleys  running  down  north  and  south  from  the 
cross  ridge  are  the  two  principal  ones  in  the  central  mass  of  the  hills,  and  their 
depth,  which  is  considerable,  is  due  to  the  greater  softness  of  the  underlying 
beds  as  compared  with  the  overlying  set. 

The  soft  beds  so  frequently  named  consist  of  conglomerates,  gritty  clays,  and 
shales  of  white  or  grey  colors.  Even  the  coarsest  conglomerates  at  the  very  base 
of  the  series  are  uncompacted  and  soft)  the  enclosed  pebbles  and  boulders  of 
^eiss  and  quartzite  merely  lying  embedded  in  very  friable  more  or  less  clayey 
grit  consisting  of  quartzose  debris  of  gneissic  origin.  The  slopes  of  the  hills 
composed  of  such  soft  beds  are  deeply  covered  by  debris,  while  but  few  of  the 
rain  guUies  descending  from  higher  slopes  penetrate  sufficiently  to  expose  the 
rocks  in  situ.  The  Naikenpalem  hills,  which  occupy  the  southern  part  of  the 
Alikur  area,  consist,  as  far  as  seen,  entirely  of  the  soft  beds  which  have  trended 
round  from  a  north  and  south  strike  in  the  Alikur  hills  to  one  running  west- 
north-west  to  east-south-east. 

Numerous  plant  remains  were  obtained  from  a  clay  bed  exposed  in  one  of  the 
principal  rain  gully  sections  ea^t  of  Naikenpalem  village.  Amongst  the  remains 
were  parts  of  Tceniopterlsy  Dictyozamites,  Ptilophyllum,  &c,,  all  characteristic 
Rajmahal  plants.  Unfortunately  the  specimens,  which  are  beautifully  distinct 
when  freshly  extracted,  are  utterly  ruined  by  the  shrinkage  of  the  wet  clay  as  it 

dries. 

Near  the  village  of  Naikenpalem  the  basement  bed  includes  enormous  masses 
Incloded    niMses    of      ©^  conglomeratic   quartzite,   some   of   them  from  800  to 
qnartzite .  1,000  cubic  feet  in  bulk ;  these  are  very  probably  relics  of 

the  basement  bed  of  the  Kadapa  series,  which  is  so  generally  represented  a  few 
miles  to  the  north-west  and  north  in  the  great  scarps  of  the  Nagari  mountain  and 
the  Ramagiri.     These  great  quartzite  masses  are  not  seen  resting  actually  on  the 
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gneiss  surface,  but  it  can  only  be  a  few  feet  below  the  local  surface  of  tbe  slope ; 
it  is  only  reasonable,  therefore,  to  look  upon  them  as  ruins  of  the  once  existing 
conglomerate  bed  forming  locally  the  base  of  the  Eladapa  rocks,  which  was  nearly 
all  removed  by  denudation.  In  view  of  the  enormous  amount  of  denudation  the 
shapes  of  the  Nagari  mountains  show  them  to  have  undergone,  there  can  be  no 
difficulty  in  accepting  this  solution  of  the  problem.  If  the  blocks  be  not^  however, 
really  in  situ,  their  existence  in  their  present  position  is  even  more  remarkable,  as 
no  known  agency,  but  that  of  floating  ice,  can  explain  their  presence.  The  appeal 
to  glacial  agency  in  such  a  southerly  latitude  would  not  be  justified  except  on  the 
very  strongest  evidence. 

The  character  of  the  rocks  in  the  Pyanur  area  changes  slightly,  the  included 

^   \^  boulders  and  pebbles  in  the  conglomerates  are  more  fre- 

The  PVanur  area.  xi       ^         •     •         •   •  j  i  i     •     i      r         _x  -x 

quently  of  gneissic  origin  and  less  exclusively  of  quartzite. 

They  are  embedded  in  equally  soft  and  uncompacted  beds.     Fossils  are  very 

rare ;  none  were  found  except  in  a  friable  sandstone  exposed  in  the  left  bank  of 

the  Nagari  river  opposite  Chittapuram,  a  little  below  the  junction  of  the  Trit- 

tani  river.     Fragments  of  Tceniojpteris  and  Dictyozamites  were  here  obtained. 

The  basement  conglomerate  in  many  parts  of  the  Pyanur  area  was  deposited 
around  and  includes  large  water- worn  masses  of  gneiss  forming  boulder  beds 
similar  to  those  occurring  in  the  base  of  the  plant  beds  at  Utatur  and  elsewhere 
in  Trichinopoly  district,  and  similarly  at  various  places  in  the  Ongole  group  of 
outcrops  in  Nellore  district. 

The  hard  white  and  mottled  shales  so  iypical  of  the  Sripermatur  group  in  its 
proper  basin  do  not  occur  in  any  of  the  outcrops  in  the  Arcot  district,  but  some 
of  the  clays  exposed  in  the  south-eastern  comer  of  the  Alikur  area  show  signs  of 
passing  into  a  shaly  condition,  and  appear  to  do  so  further  to  the  north-east  in 
the  valley  of  the  Alikur  nullah. 

OiUcro})8  south  of  the  Pdldr. — The  petrological  features   of  the  southern  or 

Mamdur  group  of  outcrops,  as  well  as  their  geographical 

M&mdor  patches.  .     •.       '•     i»j»     .i    •     v   •  •        j    x      xi.     o  • 

'^  proximity,    justify  their  being   assigned  to    the  briper- 

matur  division  of  the  Rajmahal  beds.  As  they  were  visited  only  by  the  late 
Mr.  C.  ^.  Oldham,  it  will  be  better  to  quote  the  description,  as  far  as  possible,  in 
his  own  words  as  given  in  his  notes. 

The  three  most  westerly  outcrops,  which  have  already  been  mentioned  as  lying 

about  twenty  miles  south-west  from  the  M4mdur  group, 

are  situated  close  to  the  village  of  Thechur,  seven  miles 

south  of  Ami.     Here  to  the  south-west  of  the  village  occurs  a  "  greenish-yellow 

shaly  sandstone,"  Tnhich  "is  also  dugout  from  wells  in  the  village."    "East  of 

the  village  I  noticed  another  minute  patch." 

Of  the  patches  forming  the  Mimdur  group,  Mr.  Oldham  remarks  in  his  notes : 

•*  At  Conteantandalam,  the  most  easterly  of  these  localities, 
several  wells  and  bowries,  in  and  near  the  village,  expose 
about  12  feet  of  these  beds,"  which  are  chiefly  a  soft  yellow  sandstone  thick- 
bedded,  but  in  the  lower  portion  some  harder  compact  beds  occur ;  and  a  coarse 
conglomerate  containing  numerous  pieces  and  pebbles  of  quartss  and  gneiss  in  a 
hard  silicious  matrix  has  been  qnari'ied  to  some  extent  from  under  the  soft  beds. 
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After  mentioning  a  narrow  and  thin  slip  of  hard  f erraginonB  sandstone  close 

to  the  ford  by  which  the  Conjeveram-Wandiwash  road 
crosses  the  Pal&r,  Mr.  Oldham  describes  the  interesting 
outcrop  at  Doshi  (a  mile  and  a  half  to  the  south)  thus: — ''This  localitj  and  its 
inunediate  neighbourhood,  though  not  affording  even  a  single  tolerable  section, 
yielded  to  me  the  great  majority  of  the  fossil  specimens,  all  plants,  which  I  suc- 
ceeded in  procuring  from  this  series  of  beds."  ''In  a  small  tank  west  of  the 
village  I  noticed  a  little  yellow  sandstone  in  flat  beds  just  appearing  above  the 
surface  of  the  water  when  low,  and  from  the  bund  of  this  tank,  which  is  largely 
composed  of  the  pieces  of  this  and  other  beds  thrown  up  when  it  was  dug,  I  suc- 
ceeded in  obtaining  numerous  plant  remains."  "  I  could  not  discover  a  trace  of 
moUuflca  or  other  animal  remains,  but  in  some  of  the  beds  of  sandstone  the  plant 
remains  are  very  abundant." 

"  Until  they  have  been  more  carefully  examined  and  compared,  I  cannot  attempt 

to  do  more  than  indicate  their  general  character,  which  is 
very  similar  to  that  of  the  Bajmahal  flora,  presenting 
Palceozamia  (Ptilophyllum),  ToBnio-pteris  ?  Stangerites  (Angiopteridtum),  PecopteriSt 
and  Sphenopteris.^*  "  I  obtained  also  specimens  of  circinnate  vernation  of  ferns. 
These  remains  occur  in  great  abundance,  principaUy  in  thin-bedded  yellow  sand* 
stones,  but  some  of  them  also  in  a  coarser  thick-bedded  sandstone."  "  This  strip 
of  sandstone  has  its  limits  narrowly  defined  by  the  appearance  of  gneiss  in  situ 
closely  on  the  east,  north,  and  south,  and  at  no  great  distance  on  the  west  also." 
"About  four  miles  west  of  Doshi  is  the   best  section  seen  of  these   beds. 

This  is  exposed  in  the  old  supply  channel  which  runs  from 
the  river  PdUr  near  Umiaveram  to  the  large  Mfimdur 
tank,  in  the  banks  of  which  and  the  small  watercourse  adjoining  a  fair  section  is 
exhibited,  showing  a  greater  thickness  of  beds  than  I  was  able  to  discover  in  any 
other  locality."  "  Proceeding  southward  along  the  channel  we  get  the  following 
section.  The  first  (lowest?)  bed  seen  is  a  coarse  white  felspathic  sandstone  with 
small  pebbles  of  quartz,  from  3  to  4  feet  in  thickness,  rather  soft  and  scarcely 
consolidated,  at  least  superficially.  I  could  here  detect  no  organic  remains  what- 
ever. Over  these  lie  about  3  feet  of  a  finer  yellowish  sandstone  with  minute 
shaly  partings  of  a  greyish-white  color."  Above  this  are  5  feet  of  a  hard 
ferruginous  sandstone,  the  uppermost  bed  of  which  has  a  curiously  tesse- 
lated  appearance  due  to  concretionary  structure,  assuming  generally  a  penta- 
gonal arrangement.  All  these  beds  have  a  low  dip  of  2^  or  3^  to  the  south  and 
south-south-west.  "  Passing  onward  the  section  in  the  channel  is  broken  and 
obscured  by  soil,  &c.,  but  the  missing  portion  seems  to  be,  at  least  in  part, 
supplied  by  the  smaller  gullies,  watercourses,  &c.,  on  either  side,  which  show 
a  few  feet  in  thickness  of  yellow  and  white  sandstone  apparently  overlying  the 
ferruginous  bands  and  dipping  south-by-west  at  an  increasing  angle.  Pro- 
ceeding still  southward  along  the  channel,  we  come  upon  a  hard  brown  ferrugin- 
ous sandstone  dipping  south-south-west  at  32^.  Of  this  only  2  feet  appear,  and 
over  this  from  20  to  25  feet  of  a  soft  rather  coarse  yellow  sandstone  with 
a  few  harder  ferruginous  partings,  all  dipping  south-south-west  at  from  30^  to  35**. 
Over  this  with  a  dip  in  the  same  direction,  but  at  gradually  decreasing  angles, 
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are  rather  coarse  cluncliy  jellow  sands,  thick-bedded  and  only  moderately  con- 
solidated. Of  these  about  25  feet  appear  overlaid  by  about  10  of  thinneivbedded 
yellow  sandstones  of  much  finer  grain  with  thin  greyish  shaly  partings. 
These  are  apparently  the  highest  beds',  shown  in  this  section,  as  on  proceeding 
along  the  channel  we  find  them  turning  up  with  a  considerable  dip  of  25^  to  30" 
to  north  and  north-by- west."  From  under  these  again  appears  the  coarser 
thick-bedded  yellow  sandstone  which  continues  to  show  along  the  channel  for  a 
distance  of  about  200  yards,  with  here  and  there  some  of  the  thinner  beds  ap- 
pearing in  the  banks  above.  Still  following  the  channel,  as  it  turns  south-east 
and  east-south-eastwards,  these  coarser  beds  continue  to  appear,  having  a  rolling 
dip  to  the  north-north-west."  From  under  these  rises  with  westerly  dip  a  strong 
brown  ferruginous  sandstone  which  only  shows  for  a  short  distance,  and  is  the 
last  and  lowest  bed  seen  in  this  direction,  disappearing  at  a  point  due  north  of 
Namdi  (Naumdee),  a  quartzo-homblendic  gneiss  appearing  a  very  short  dis- 
tance to  the  east.  A  yellow  sandstone  very  similar  to  the  upper  beds  of  the 
section  just  given  appears  in  bowries  and  in  a  little  watercourse  north-west  of 
Namdi. 

The  small  outcrop  west  of  Tallicalli  and  north  of  the  channel  section  just 
described  shows  coarse  pebbly  ferruginous  sandstone.  The  outlier  west-by-north 
of  Tripnagad  and  that  south  of  IJmiaveram  show  coarse,  white  felspathic  sand- 
stone, associated,  in  the  latter  case,  with  a  little  thin-bedded  ferruginous 
sandstone  of  brown  color.  At  Cutanur,  two  miles  to  the  west  of  the  last- 
named  outlier,  a  greenish-yellow  somewhat  shaly  sandstone  underlaid  by  a 
coarser  yellow  felspathic  sandstone  is  exposed  in  well  and  tank  sections.  A 
coarse  ferruginous  sandstone  forming  a  small  patch  at  the  north  end  of  the 
Manapakam  tank,  four  miles  south-west  of  Cutanur,  is  the  most  westerly 
extension  of  the  Oondw&na  rocks  in  this  quarter. 

Three  miles  further  south-east  and  east  of  the  village  of  Asuapetta,  and 
again  a  mile  to  the  south  of  the  village,  "  we  find  patches  of  hard  conglomeratic 
sandstone  containing  large  pebbles  of  quartz.  This  is  superficially  ferruginous 
and  of  a  reddish -brown  color,  but  when  freshly  broken  of  a  dull  grey.  It  lies 
in  thin  beds  on  the  surface  of  the  gneiss." 

Proceeding  south  "along  the  road  between  Asuapetta  and  Trivatur,  we 
cross  four  distinct  patches  of  sandstone,  in  the  most  northerly  of  which  a  tolerably 

good  section  is  exposed  in  a  supply  channel  running  in 
to  the  tank  at  Jaderi  (Bathary").  Here  resting  on  the  sur- 
face of  the  gneiss  is  a  hard  very  silicious  close-grained  sandstone,  but  frequently 
containing  large  pebbles  of  quartz.  Of  this  there  is  a  thickness  of  several  feet, 
showing  only  at  intervals  and  not  well  seen.  Above  this,  passing  east  along  the 
channel,  we  find  a  coarse  felspathic  sandstone  of  no  great  thickness  (2  to  3  feet), 

1  *'  From  these  highest  heds  I  procured  the  only  specimens  of  organic  remains  that  I  was 
able  to  secure  from  this  locality.  Owinf(  to  the  soft,  crumbling  nature  of  the  rock,  much  increased 
by  heavy  rains  which  had  fallen  recently,  it  was  almost  impossible  to  obtain  specimens  that  would 
bear  carriage.  Several  which  I  extracted  came  to  pieces  in  my  hands.  Those  which  I  succeeded 
in  carrying  away  were  Palaozamia  ?  (PtUophyUvmJ  and  PteroifhtfUvm  ?  I  noted  also  Tanittp^ 
teris  and  Pecopieris*' 
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with  locally  a  fine  grey  shale,  in  which  some  fragmentary  stem  markings  were 
noticed.  AH  these  have  a  low  dip  of  2®  to  3**  east."  Above  all  is  a  fermginons 
sandstone,  1  to  1^  feet  thick  and  of  rather  coarse  textnre. 

The  other  threift  patches  which  are  seen  crossing  the  road  consist  of  a  hard 
Small  outcrops  north  superficially  generally  fermginons  sandstone,  similar  in 
of  Trivatnr.  character  to  the  lowest  bed  of  the  above  section.     A  patch 

of  similar  beds  covered  by  a  little  yellow  sandstone  occurs  east  of  the  road  about 
two  and  half  miles  north  of  Trivatur.  Between  three  and  four  miles  north-east  of 
Trivatur  and  east  of  Perintur  occurs  a  little  hard  grey  sandstone,  about  10  feet 
thick  and  weathering  of  a  reddish-brown. 

Three  miles  to  the  north  close  to  Marianur,  a  large  amount  of  debris  of  a  red- 
dish ferruginous  sandstone  covers  the  ground,  and  close  to  the  village  on  the 
south  this  is  seen  in  situ  overlying  a  coarse  brown  felspathic  sandstone,  of  which 
but  little  is  seen,  though  it  has  been  thrown  up  in  considerable  quantity  from  well 
and  tank  sections.  In  the  village  a  tolerably  hard  yellowish-brown  sandstone  is  dug 
out  of  bowries  (large  square  wells)  and  has  been  used  to  a  small  extent  for  building. 
A  similar  brownish-yellow  sandstone  is  also  dug  out  at  Shamangnri,  two  and  half 
miles  to  the  north-west. 

A  few  more  small  patches  might  be  referred  to,  but  they  offer  no  special 
characters  of  interest. 

The  numerous  patches  just  referred  to  are,  without  exception,  of  small  size, 
the  largest  not  being  more  than  two  miles  long  by  one  in  width  at  its  widest 
part,  and  the  great  majority  greatly  less  in  dimensions. 

Thk  Latbeitic  Formations. 

Of  the  numerous  spreads  of  the  lateritic  rocks  which  fringe  the  eastern  coast 
of  the  peninsula  between  Latitude  13'  60'  and  11**  20'  north,  only  a  few  extend 
inland  suflBciently  far  westward  to  come  within  the  limits  of  the  North  Arcot 
district.  There  is,  however,  abundant  evidence  that  these  rocks  had  formerly  a 
much  wider  westerly  extension,  and  that  their  present  western  limits  are  bound- 
aries of  denudation  and  not  of  deposition.  The  chief  outcrops  of  them  'occur 
along  or  close  to  the  eastern  boundary  of  the  district,  and  are  in  most  cases 
seen  to  rest  upon  the  Upper  Gondwdna  beds,  to  which,  however,  they  are  markedly 
unconformable,  and  in  many  cases  they  overlap  on  to  the  gneiss.  All  the  out- 
crops of  importance  lie  to  the  north  of  the  Palar. 

The  most  southerly  patch  of  lateritic  beds  requiring  notice  lies  between  the 
north  bank  of  the  Pilir  and  the  alluvium  of  the  Kortelliar,  about  twelve  miles 
east  of  Arcot  town.  It  is  in  reality  only  the  extreme  western  end  of  a  very  large 
lateritic  area  which  occupies  further  eastward  nearly  the  whole  of  the  Conjeveram 
taluq.  The  prevalent  rock  here  seen  is  of  a  red  sandy  variety  with  scattered 
patches  of  ferruginous  gravel. 

To  the  north  of  the  Kortelliar  the  laterite  occurs  in  the  form  of  an  enormously 

coarse  shingle  or  generally  uncompacted  conglomerate,  such 
^  'as  may  be  seen  at  and  to  the  south  of  the  Chinnamapett  rail- 

way station.  Further  north  the  surface  of  the  Pyanur  area  of  Bajmahal  beds  is 
widely  covered  with  an  equally  coarse   shingle  associated  with  large  quantities 
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of  fermginoas  gravel  and  clay  binding  the  wbple  into  a  semi-compact  conglo' 
merate,  which  is  the  general  character  of  the  lateritic  beds  further  north  round 
the  base  of  the  Naikenpalem,  Alikxir,  and  Sattavedu  hills,  the  coarseness  of  the 
included  shingle  and  the  amount  of  ferruginous  cement  associated  with  it  being 
locally  of  variable  quantities.  Where  the  shingle,  which  consists  almost  entirely  of 
quartzite,  attains  agreat  degree  of  coarseness  the  ferruginous  matrix  is  often  masked 
to  a  very  great  extent,  the  peculiar  vermicular  cavities  so  characteristic  of  non- 
conglomeratic  laterite  are  never  seen,  and  the  correlation  of  the  two  varieties  as 
members  of  one  and  the  same  geological  formation  is  made  entirely  upon  strati- 
graphical  grounds. 

The  principal  lateritic  areas  lying  westward  of  the  eastern  boundary  of  the 
district  are  those  along  the  western  base  of  the  Bamagiri  and  the  eastern  base 
of  the  Nagaii  mountains,  and  some  spreads  in  the  valley  of  the  Swamamukhi 
river  near  the  Madras  railway  at  Karkambadi.  In  the  two  first  of  these  areas 
the  rock  is  much  less  coarsely  conglomeratic  than  around  the  Alikur  and  Satta- 
vedu hills  and  over  the  Pyanurarea. 

The  surface  of  the  Pyanur  laterite  patch  is  very  thickly  strewn  with  the  ex- 
tremely coarse  quartzite  shingle  weathered  out  of  the  underlying  conglomerate, 
and  in  many  places  progress  even  on  foot  is  by  no  means  easy  across  the  great 
smooth  and  highly  slippery  stones.  The  surface  is  so  extremely  stony  that  great 
tracts  remain  waste.  That  a  very  flat  country  should  be  so  inaccessible  owing  to 
the  thickly  strewn  products  of  partial  weathering  of  the  rocks  forming  the  surface 
is  a  very  singular  phenomenon. 

Remains  of  lateritic  beds  are  very  numerous  to  the  westwaid  of  the  present 

westerly  boundaries   of  the  formation.     Many  such  re- 
Debns  o        n  ic  mains  were  noted  as  much  as  six  or  eight  miles  away  from 

the  nearest  of  the  undisturbed  beds,  and  a  closer  search  of  the  country  would 
probably  show  such  ruins  even  far  further  in  that  direction.  The  greater  west- 
ward extension  of  the  lateritic  rocks,  before  adverted  to,  ia  thus  abundantly 
proved. 

Proofs  that  the  lateritic  formations  were,  in  part  at  least,  formed  since  man's 
Ckicarreice    of  stone      advent  on  earth  are  numerously  met    with  in  the  North 
implements.  Arcot  laterite  patches  in  the  form  of  well-shaped  chipped 

implements  of  palaeolithic  types  made  of  quartzite.  Many  of  these  were  dis- 
covered by  the  geological  surveyors  in  nearly  all  the  lateritic  patches,  and  in 
many  cases  also  among  the  debris  marking  the  sites  of  the  now  denuded  parts 
of  the  old  extensions.,  e.  gr.,  among  the  gravelly  ferruginous  debris  lying  in  the 
surface  of  the  gneiss  at  and  around  the  Arkonam  railway  junction  at  an  eleva- 
tion of  more  than  300  feet  above  sea  level. 

The  highest  elevations  to  which  the  implement-bearing  lateritic  rocks  have 
Elevation  of  lateritic      been  traced  in  this  region  are  the  neighbourhood  of  the 
beds.  Madras  railway  at    Karkambadi,   in  the    Swamamukhi 

valley,  and  the  westernmost  slopes  of  the  NaikenpaJem  hills  ;  in  the  former  case, 
the  implements  occur  at  an  elevation  of  370  feet  above  sea  level,  in  the  latter, 
.  at  a  probable  elevation  of  between   500  and  600  feet.     The   Karkambadi  beds 
yielded  a  great  number  of  fine  implements  to  the  search  of  Mr.  W.  R.  Robin- 
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^'^y  c.  s.,  Chief  Engineer  of  the  Madras  Bailwaj,  when   Resident  Engines   at 
*^t  place. 

There  can  be  little  doubt  that  the  great  accnmnlations  of  well  rolled  qnart- 
^)re  of  certain  shingle      ^^^   shingle    which  rest   on   the   southern   bank   of  the 

Nagari  Nose  mountain  and  on  the  flanks  of  some  of  the* 

|nottntain8  further  north  must,  in  part  at  least,  be  reckoned  as  of  the  age  of  the 

tentio  period,  as  they  correspond  closely  in  position  and  mineral  character  with 

e  higher-lying  lateritic  beds  just  mentioned.     The   Nagari  Nose  shingle  bed 

^®©ply  stained  with  iron  from  the  ferruginous  matrix  which   must   have  once 

^^uded  the  perfectly  non-ferruginous  quartzite  shingle,  for  that  is  the  only 

^  ^^  accounting  for  the   deep   and  indelible   purple-red  color  borne  by  the 

.     ^1  pale-colored  quartzite.      As  now   seen,  the  shingle   suggests   instantly 

^*le  idea  of  its  being  an  old  raised  beach. 

The  origin  of  the  lateritic  formations,  owing  to  the  total  absence  of  all 
organic  remains  (the  chipped  implements  being  only  indirectly  of  organic 
origin),  is  wrapped  in  obscurity  and  doubt.  Three  theories  have  been  pro- 
ponnded  to  explain  the  existence  of  these  formations  which  fringe  the  western 
and  eastern  sides  of  the  peninsula  from  a  little  south  of  Bombay  right  round  to 
Cuttack  and  still  further  north.  The  three  theories  have  been  discussed  at 
some  length,  each  having  something  in  its  favor,  but  they  are  still  svh  judke, 
and  this  is  not  the  place  for  continuing  the  discussion.^ 

They  may  be  briefly  designated  as  the  marine,  the  fluviatile,  and  the  sub- 
aerial.  As  at  present  seen,  none  is  altogether  sufficient  to  explain  the  various 
difficHlties,  and  it  is  very  possible  that  all  three  must  be  enlisted  before  more 
light  can  be  thrown  on  the  sulgect. 

The  Alluvial  Formations. 

The  alluvia  occurring  within  the  North  Arcot  district  are  all  of  fluviatile 
origin,  and  occupy  the  valleys  of  the  principal  rivers,  but  are  developed  only  to  a 
very  moderate  extent,  and  would  offer  no  points  of  special  interest  were  it  not 
that  in  two  cases  there  is  evidence  of  the  rivers  having  changed  their  courses 
widely  and  formed  a  second  series  of  deposits  in  other  valleys. 

The  first  of  these  cases  is  that  of  the  PaUr,  the  principal  river  of  the  district. 
Change  of    eonrie  of      which  now  flows  into  the  sea  forty-two  miles  south  of  Madras, 
the  F&ULr.  but  which  formerly  flowed  down  what  is   now  reckoned 

the  alluvial  valley  of  the  Kortelliar  river  and  entered  the  sea  somewhere  to  the 
north  of  Madras,  probably  between  Gunore  and  Pulicat.  A  glance  at  the 
geological  map  will  show  that  the  present  valley  of  the  PdMr  is  very  dispropor- 
tionate in  size  to  the  river,  and  equally  that  the  alluvium  of  the  Kortelliar  is 
greatly  disproportionate  to  its  river,  which  now  flows  in  a  deep  channel. 

1  For  the  discnesion  of  these  theories,  the  reader  is  referred  to  Mr.  Foote's  papers  on  the  subject 
of  stone  implements  in  Sonthem  India  in  the  Madras  Literary  tfonmal  for  October  1866,  the 
Quarterly  Journal  Geological  Society  of  1868,  p.  484,  and  the  Memoirs  Geological  Survey  of  India, 
Vol.  X,  pp.  51,  &c.  Also  stone  implements  of  Great  Britain  by  John  Evans,  n.o.L.,  F.B.8.,  and  lastly, 
to  the  resumS  hy  Mr.  W.  T.  Blanford,  in  the  Manual  of  the  Geology  of  India  (Vol.  ),  pp.  868-370), 
of  the  facts  known  about  the  low -level  laterite. 
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The  two  valleys  diverge  at  a  place  about  ten  miles  east  of  the  town  of  Arcot, 
and  a  small  stream  (or  irrigation  channel)  still  branches  from  .the  Pilar  here 
and  flows  down  the  Kortelliar  valley  for  many  miles  and  eyentually  joins  the 
latter  river.  To  this  stream  the  natives  have  g^ven  the  Sanscrit  name  of 
Vridacharanadi  or  "  old  milk  river,  "  the  Tamil  name  of  the  main  river  "  Palar,  " 
also  signifying  ''milk  river."  The  allnvinm  occupying  this  valleyconsists  of  coarse 
gritty  loose  silicious  sand  of  gneissic  origin. 

The  second  case  is  that  of  the   Nagari    (N'aggery)    river,   which  in  former 
Change  of  course  of      times  appears  to  have  fallen  into  the  Narnavaram  river, 
the  Nagari  river.  just  south  of  the  Bamagiri,  and  close  to  the   village  of 

Nagloperam.  The  present  course  of  the  river  lies  down  the  old  alluvial  valley 
for  a  [little  more  than  three  miles  east  from  the  railway  bridge.  It  then  turns 
sharply  south-east,  leaves  the  alluvium,  and  flows  through  a  cutting  in  the 
gneiss  about  a  mile  and  a  half  long  and  falls  into  the  Trittani  river,  which  joins 
the  Kortelliar  a  few  miles  further  east.  In  consequence  of  this  the  broad  alluvial 
valley  which  runs  between  the  Nagari  mountain  and  the  Alikur  hills  is  now 
drained  only  by  small  streams  and  artificial  channels.  The  alluvia  deposited  by 
the  Nagari  river  both  in  its  old  and  new  valleys  consist  almost  entirely  of  coarse 
gritty  sand  like  that  of  the  Palar.  No  alluvium  appears  to  be  deposited  at 
present,  but  the  streams  seem  to  be  cutting  their  beds  deeper  and  deeper  every 
season. 

No  information  was  procurable  from  the  natives  as  to  the  time  when  these 
changes  took  place,  but  the  probability  is  that,  geologically  speaking,  they  are  of 
veiy  recent  date,  as  may  be  inferred  in  the  case  of  the  Paldr  from  the  name 
given  to  the  channel  which  still  falls  into  the  Kortelliar ;  and  in  the  case  of  the 
Nagari  river,  from  the  fact  that  the  cutting  through  the  gneiss  by  which  the 
river  escapes  from  its  old  alluvial  valley  presents  every  appearance  of  being  of 
artificial  origin,  and  must  in  that  case  have  been  the  work  of  a  people  boasting 
some  considerable  civilization. 


Thb  Soils  and  Sub-aerul  Formations. 

Of  the  soils  in  North  Arcot  little  need  be  said ;  they  appear,  as  a  rule,  to  be  the 
product  of  the  weathering  of  the  local  rocks,  or  to  have  been  brought  from  but  tri- 
fling distances  by  pluvial  action.  The  prevalent  soils  are  red,  and  of  these  the 
sandy  form  is  the  most  common. 

Of  the  sub-aerial  formations  the  only  really  interesting  and  important 
ones  are  the  taluses  around  the  quartzite-capped  mountains  in  the  north-eastern 
comer  of  the  district.  As  already  pointed  out,  the  talus  accumulations  are  two- 
fold, and  consist  partly  of  great  collections  of  well  rounded  shingle  referable  to 
the  lateritic  period,  and  above  them  of  the  angular  unrolled  debris  detached  from 
the  great  scarps  by  atmospheric  agencies,  which  debris  here  now  shows  the  deep 
ferruginous  stain  characteristic  of  the  lateritic  shingle  beds.  On  a  greatly  smaller 
scale,  but  still  of  considerable  importance,  are  the  talus  accumulations  on  and 
around  the  newer  Rajmahal  and  lateritic  formations  in  the  Sattavedu,  Alikur, 
and  Pyanur  areas.     These  consist  in   both  cases  almost  entirely  of  well  rolled 
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qnartzite  sliingle  weathered  out  from  the  many   important  conglomerated  beds 
°^*°™ig  in  both  series. 

Economic  Geology. 

The  infonnation  on  this  branch  is  not  so  complete  as  might  be  wished,  owing 
to  the  non-oompletion  of  the  survey  of  the  district.  The  granitoid  gneiss  occupy- 
^^  the  greater  part  of  the  gneissic  area  offers  nothing  but  building  stone  ;  but 
01  this  much  is  of  great  beauty  and  value,  and  has  been  very  largely  used  for  many 
'^^  native  buildings,  as  the  forts  at  Vellore  and  elsewhere,  and  among  European 
oimdings,  particularly  in  the  construction  of  many  railway  stations,  bridges,  and 
culverts. 

The  highly  felspathic  varieties  of  the  granite  gneiss  are  occasionally  so  greatly 
^  decomposed  as  to  appear  to  offer  sources  for  the  collection 

of  kaolin  or  China  clay.  When  carrying  on  the  survey  of 
we  Vellopeand  Eudialtham  taluqs,  I  noticed  various  spots  which  appeared  to  me  to 
"®  Reserving  of  attention  with  this  object  till  I  had  seen  some  of  the  great  China 
^*y  works  in  Cornwall,  which  I  visited  specially  for  the  purpose  of  study  when 
^t  home  in  1868. 

The  conclusion  I  then  came  to  was,  that  none  of  the  North  Arcot  localities 
wowed  rooks  sufficiently  rich  in  decomposed  felspar  to  be  of  much  importance. 
The  extent  io  which  the  Indian  rocks  have  been  penetrated  by  decomposition  is 
P^tly  less  than  the  Cornish  rocks,  and  the  quantity  of  clay  which  would  there- 
fore he  procurable  in  India  would,  area  for  area,  be  greatly  smaller  than  in 
^niwall.    Added  to  this  very  serious  disadvantage  is  the  difficulty  of  a  suitable 
^ter-supply.     To  insure  the  preparation  of  kaolin  of  good  color,  which  alone 
conunau^  a  high  price,  a  very  large  supply  of  perfectly  limpid  water  is  a  sine- 
P^-non.     This  is  not  always  easy  to  obtain  even  in  a  rainy  climate  like  that  of 
^  Boiith-west  of  England,  where  running  streams  are  of  frequent  occurrence, 
&nd  in  a  dry  climate  like  that  of  the  Camatic,  this  want  could  only  be  met  by 
^6  construction  of  special  reservoirs  of  large  size,  in  which  the  water  could  be  al- 
lowed to  stand  for  many  months  after  the  rainy  season,  tiU  all  the  suspended 
P^Hiclee  of  ferruginous  clay  had  settled,  and  the  water  itself  has  become  per- 
loctly  limpid.     If  the  great  cost  of   providing  such  supplies  of   limpid  water 
^  from  saline  matter  in  an  eminently  dry  country  be  taken  into  consideration, 
^ther  with  the  fact  that  the  kaoliniferous  decomposed  rock  occurs  in  greatly 
smaller  quantity,  and  is  generally  much  less  free  from  ferruginous  staining  due 
^  the  filtration  through  the  almost  universally  overlying  red  soil,  the  conclusion 
seems  inevitable  that  the  prospects  of  establishing  profitable  China  clay  works 
^  North  Arcot  are  not  very  promising. 
To  return  to  the  subject  of  building  stones :  the  rocks  of  the  gneissic  series 
.  alone  offer  an  inexhaustible  supply,  and  localities  which 

would  yield  first  rate  material  in  any  quantity  might  be 

omimerated  by  the  score,  if  needful.     The  mention  of  only  a  few  must,  however, 

fioffioe ;  these  are  Falikonda  hill,  Yellore,  Wandiwash,  and  Chitpat,  south  of  tho 

Palir,  and  Banipet,  Sholinghur,  and  Trittani,  north  of  that  river. 

The  quartzites  of  the  Kadapa  series  are  too  hard  and  expensive  in  working  to 
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be  used  except  as  rough  building  stones ;  and  the  sandstones  of  the  Bajmahal  beds 
are  not  hard  enongh,  except  in  a  very  few  cases,  to  be  of  much  value.  Neither  Mr. 
Oldham,  Mr.  King,  nor  myself  came  across  any  that  were  fit  for  first  class  pur- 
poses, such  as  millstones  or  grindstones.  Nor  were  any  of  the  clay  beds  noted 
in  the  Alikur  and  Pyanur  areas  of  sufficiently  good  color  to  be  of  much  value. 
The  pottery  clays  used  by  the  people  are  taken  from  the  younger  lateritic  or 
alluvial  deposits,  and  are,  as  a  rule,  of  very  inferior  quality. 


On  the  contikuation  op  the  road  section  from  Murree  to  Abbottabad, 
by  A.  B.  Wtnne,  F.G.S.,  Oeological  Survey  of  India. 

In  a  former  paper  (Vol.  VII,  p.  64),  I  described  the  section  from  Murree 
to  Kalabagh  Post,  along  the  upper  or  military  road  through  the  galis  ("  gullies"), 
as  it  is  usually  called. 

At  Kalabagh,  the  summit  level  of  this  road  (about  8,000  feet  by  aneroid), 
the  nummulitic  limestone  and  shales  of  the  hills  are  in  junction  with  the  azoic 
Attock  slates  of  the  Mian-jani-ka  Chowki  range,  this  junction  being  apparently 
effected  by  means  of  a  fault  concealing  all  of  the  intervening  rocks  that  may  be 
present.  The  slates  are  much  folded  and,  about  half  way  between  Kalabagh  and 
Baragali,  include  a  band  of  the  usual  frilled,  dolomitized,  seemingly  slightly 
altered  and  entirely  unfossiliferous  limestone  found  elsewhere  in  these  slates. 
It  extends  in  the  strike  across  the  ridge  supporting  the  road,  and  similar  bands 
may  be  seen  projecting  at  the  surface  of  a  spur  from  Mianjani  mountain,  and 
forming  the  crest  of  another  ridge  running  out  westward  from  Baragali,  in  both 
cases  with  a  northerly  dip.  Near  the  last-named  place  the  slates  contain  bands 
of  hard  dark  grey  or  bluish  silicious  sandstones,  and  further  on  down  the  steep 
incline  to  the  northwards  at  Bantangi  purplish-red  slab-slates  occur  near  the 
junction  with  the  limestones  of  the  northern  side  of  the  great  Mianjani  slate  tract. 

The  jiv^ction  here  differs  from  that  at  Kalabagh,  but  has  scarcely  less  the 
appearance  of  a  faulted  or  dislocated  contact,  the  plane  of  which  is  partly  verti- 
cal and  partly  sloping  to  the  north,  for  on  the  western  side  of  the  Batungi  Kad, 
the  limestone,  almost  entirely  concealed  by  dense  forest,  slopes  upward  and 
backward  to  the  south,  while  the  whole  hill  face  on  the  opposite  side  of  the 
Kad  is  of  slate,  as  usual  crushed,  contorted,  and  folded. 

Just  at  the  contact,  where  a  purplish  color  pervades  the  slates  in  some 
places,  the  next  adjacent  rocks  are  vertical  light-colored  quartzites,  of  small 
thickness,  succeeded  by  compact  and  sandy  limestones  containing  many  impres- 
sions and  sections  of  brachiopods,  mostly  of  small  size,  many  of  them  resembling 
casts  of  Terehratula ;  some  obscure  spiral  gastropods,  and  some  layers  crowded 
with  the  curved  fragments  of  small  bivalves  also  occur.  These  hard  limestones 
have  nothing  beyond  the  most  general  similarity  to  the  hill  nummulitic  lime- 
stone beds ;  they  are  often  dark  or  nearly  black,  and  some  of  the  bluer  layers 
present  a  curious  but  characteristic  yellow-mottled  appearance  frequently  ob- 
served in  the  limestones  of  the  Dungagali  and  Changlagali  road,  where  these 
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Have  been  supposed  of  triassio  age,  for  wWcli,  lioweVer,  there  seems  little  more 
than  a  conjecture  on  the  part  of  Dr.  Waagen,  as  the  fossils,  when  the  beds  contain 
anjy  are  mostly  very  obscure.  Other  beds  show  a  tangled  mass  of  fucoids  on  the 
surfaces.  These  limestones  are  largely  distorted,  forming  at  first  a  complex 
synclinal  curve  crossed  by  the  throat  of  the  Batungi  gorge.  Before  leaving  this 
narrow  part  of  the  gorge  and  turning  eastwards  towards  Bagnotur,  the  road  crosses 
a  small  hollow  in  the  limestone  hills  north  of  the  synclinal  arrangement  of  the 
beds.  In  the  hollow  and  on  the  slopes  on  the  opposite  side  of  the  Kad  some 
small  dogas  or  field  terraces  show  the  waste  of  dark  shaly  rocks,  so  that  possibly 
some  fragment  of  Spiti  shales  may  here  occur,  to  mark  a  boundary.  Beyond 
this  hollow  and  until  the  road  has  curved  eastward,  the  dark  limestones  become 
more  like  the  lowest  of  the  nummulitic  ones;  they  contain  disseminated  and 
nodular  pyrites  and  a  thin  band  or  bands  of  very  dark  coloured  ferruginous  clay 
with  rounded  quartz  grains  and  spangles  of  mica,  but  no  fossils  could  be 
detected.  Just  at  the  turn  some  broken  and  detached  portions  of  what  may 
once  have  been  a  more  continuous  layer  of  dark  ferruginous  oolitic  hematite 
clay  is  enclosed  among  the  limestone  beds.  It  has  slight  resemblances  to  the 
golden  oolite  of  the  Salt-range  and  Kach,  but  is  not  identical  with  that  rock. 
A  little  way  beyond  it  the  limestone,  if  it  has  any  general  dip,  slopes  southerly, 
and  the  first  distinct  traces  of  nummulitic  fossils  appear  in  foraminiferous  forms 
distinguishable  with  a  good  lens,  amongst  them  the  little  organisms  referred  to 
in  a  former  paper  (Vol.  X,  p.  114),  and  tiny  JBoia/ma-like  forms,  as  well  as 
little  nummulites,  most  of  which  might  escape  observation  with  unassisted  eyes. 

At  Bagnotur  one  has  descended  some  3,230  feet  (aneroid)  from  Kalabagh, 
within  a  distance  of  five  miles  by  th^  road  (much  less  in  a  straight  line),  and 
just  before  reaching  the  bungalow  or  rest-house,  the  Attock  slates  again 
appear,  occupying,  beneath  enormous  masses  (ft  debris,  the  lower  part  of  this 
valley  and  that  of  the  river  Dore  coming  from  the  eastward,  which  here  unite. 
The  slates  continue  in  this  position,  chiefly  on  the  south  side  of  the  Dore  valley, 
uniting  eastward  with  the  main  mass  of  the  Mianjani  exposure,  so  that  the  lime- 
stones just  now  mentioned  form  a  tongue  stretching  in  the  direction  stated  from 
those  occupying  much  of  the  northerly  parts  of  the  lower  Hazara  hills.  As  it 
is  the  nummulitic  part  of  these  limestones  which  occurs  in  junction  with  the 
slates  and  not  one  of  the  older  groups,  it  may  be  presumed  the  contact  here 
again  is  effected  by  a  fault. 

Following  the  Abbottabad  road  from  Bagnotur  downwards  to  the  bridge 
over  the  Dore,  670  feet  below  the  bungalow,  another  apparently  faulted  junction 
with  the  limestones  is  crossed  before  reaching  the  lowest  point.  These  lime- 
stones dip  north-westward,  are  strong-bedded,  compact,  and  of  dark-grey  colour, 
containing  small  fragmentary  fossils,  amongst  which  I  observed  the  basal  portion 
of  a  shark-like  fish  tooth.  They  are  sometimes  semi-oolitic,  and  sometimes 
contain  knots  or  blebs  of  carbonate  of  lime,  the  whole  assemblage  having  the 
aspect  of  the  supposed  triassic  limestone  of  these  hills. 

Where  the  Dore  bridge  spans  the  chasm  below  this  po'nt,  similar  limestones 
dip  at  high  angles  to  the  eastward,  and  rising  from  the  bridge  high  over  the 
northerly  channel   of  the  stream,  they  are  seen  to  include  a  10-foot  band  of 
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purple  and  light-coloured  ferruginous  shale  lying  between  dolomitic  and  dark 
lumpy  bands.  Further  on  dirty  brown  limestone  is  full  of  shell  fragments,  and 
again  solid  limestone  alternates  with  shaly  bands. 

This  gorge  is  the  most  profound  traversed  by  the  road ;  on  one  of  the 
mountains  close  to  the  westward,  overlooking  it,  a  height  ia  marked  of  6,645  feet ; 
and  supposing  the  stream  to  be  4,200  feet,  the  section  exposed  in  the  steep 
mountain  side  may  be  nearly  2,000  feet  in  height.  The  rocks  for  about  a  mile 
in  the  narrow  part  of  this  gorge  are  all  of  the  triassic  aspect  just  now  described, 
and  they  are  seen  to  be  contorted  in  the  wildest  fashion,  a  group  of  hard  beds 
showing  their  edges  vertically  for  some  hundreds  of  feet,  and  standing  as  it  were 
upon  a  strong  horizontal  outcrop  below,  as  well  as  presenting  in  other  places  a 
variety  of  compressed  curves.  Leaving  the  narrow  part  of  tie  gorge  and 
descending  into  the  valley  of  a  small  tributary  from  the  east,  the  Attock  slates 
are  again  exposed,  forming  a  small  denuded  inlier,  beyond  which  northwards 
crags  of  the  disturbed  triassic-looking  limestone  reappear.  Just  beyond  this, 
the  Dore  river  bends  to  the  west,  and  in  its  further  bank  (the  left),  there  is  an 
exposure  of  black  Spiti  shale  with  fragmentary  Ammonites  and  many  Belemnites 
as  usual.  From  this  onwards,  the  road  rises  high  above  the  right  bank  of  the 
river,  and  passes  along  cuttings  in  much  contorted  nummulitio  limestone,  with 
two  or  three  exposures  of  black  coaly  or  carbonaceous  shale,  associated  with 
ferruginous  and  quartzite  sandstone.  Black  shales  are  also  seen  cropping  out 
at  the  lower  part  of  the  limestone  clifEs  on  the  opposite  (southern)  side  of 
the  river. 

As  the  valley  opens  and  the  road  enters  the  little  flat  of  Damtour,  lime- 
stones of  triassic  aspect  come  out  from  under  the  nummulitic  ones,  and  form  the 
face  of  the  hill  east  of  the  village.  Beneath  these  limestones  are  seen  the 
Attock  slates  with  a  high  easterly  dip,  and  the  lowest  bed  of  the  limestone  series 
above,  resting  directly  upon  the  slates,  is  a  sandy  conglomeratic  one  enclosing 
fragments  of  the  underlying  slate  group,  as  observed  in  the  Sirban  mountain 
sections ;  but  it  is  worth  notice  that  the  largely  developed  masses  of]  red  sandy  or 
earthy  ferruginous  beds  and  greyer  silicious  dolomites  representing  the  Infra-trias 
group  of  that  adjacent  mountain  are  here  absent. 

From  Damtour  onwards  the  road  passes  among  and  over  the  deep  detritsJ 
deposits  of  the  Abbottabad  plain. 

The  mountains  to  the  eastward  repeat,  with  numerous  disturbances  and 
dislocations,  the  features  of  the  Sirban  mountain  section,  described  in  Memoirs 
Geological  Survey,  Vol.  IX,  Art.  3.  The  Spiti  shales  are  locally  more  largely 
developed,  and  likewise  fossiliferous  Belemnite  and  J.inmo»i^bearing  sandstones, 
which  may  be  a  portion  of  those  referred  to  the  Gieumal  group.  The  Infra-triaa 
chcrty  dolomites  are  largely  present  in  the  northern  parts  of  these  mountains, 
bat  appear  to  be  capriciously  distributed,  sometimes  alternating  with  sub-fossili- 
ferous  bands  having  entirely  the  triassic  aspect,  and  in  places  occurring  in  some 
force  before  they  rather  suddenly  disappear  to  the  southwards.  Their  connexion 
with  the  Tanol  group  of  Hazai*a  is  strongly  suggested  by  the  sections  in  the 
northoim  part>s  of  these  hills,  and  will  be  referred  to  in  a  separate  note. 
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DONATIONS  TO  THE  MUSEUM. 

1st  July  to  30th  September  1879. 

Donors, 

Coal-Bbale  with    Veriebrariat  from  Wallerawang,  New  South  Wales. 
Coal-shale  with  Olossopteris,  same  locality.  4 

(Through  V.  Ball,  Esq.). 

Professor  Boyd  Dawkins. 

Eight  specimens  of  minerals  and  rocks  (all  metamorphic)  from  above  8,000  feet 

on  the  Safed  Koh,  near  Gandamak. 

Major  H.  C.  B.  Tanner. 

White  quartzite,  highest  peak  of  the  Safed  Koh. 

White  marble  from  Safed  Sang. 

Soapstone,  Terakai  hill  summit,  above  Murkekhel. 

Or.  B.  ScoTT,  Esq. 

A  collection  of  rock  fragments  and  pebbles,  many  ix)lled  and  imperfect  fossils,  and 

small  samples  of  soil  from  between  the  Khojah  Pass  and 

Sugari  Barkhan.     (See  Pro.  Asiatic  Society,  Bengal,  June 

1879.) 

Lieutenant  R.  C.  Temple. 

Geological  specimens,  mostly  small  rock-fragments  and  some  fossils,  cretaceous 

and  tertiary,  from  Southern  Afghanistan.    (See  Pro.  Asiatic 
Society,  Bengal,  August  1879.) 

Suroeon-Major  C.  F.  Oldham. 


ADDITIONS  TO  THE  LIBRARY. 

From  1st  July  to  30th  September  1879. 
Titles  of  Books.  Daiiors. 

BiQSBY,  J.  J. — ThesauruB  Devonico-Carboniferus.     The  Flora  and  Fauna  of  the 

Devonian  and  Carboniferous  Periods  (1878),  4to,  London. 

Boyd,  R.  Nelson. — Goal  Mines  Inspection,  its  history  and  results  (1879),  8vo, 

London. 

DoYLB,  P. — Tin  Mining  in  Larut  (1879),  8vo,  London. 

The  Author. 

Haeckel,  Ernst. — The  History  of  Creation,  Vols.  I-II  (1876),  8vo,  London. 

Harrison,  W.  Jerome. — Practical  Geology  (1&78),  8vo,  London. 

Hartio,  Dr.  Throdob. — Anatomie  und  Physiologie  der  Holzpflanzcn  (1878),  8voy 

Berlin. 

Hughes,  A.  W. — A  Gazetteer  of  the  Province  of  Sindh  (1874),  8vo,  London. 

W.  T.  Blanford,  Esq. 
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Titles  of  Boohs.  Donors. 

LiNDLET,   Dr.,   and  Hutton,  W. — UlustratioBS  of  Fossil   Plants  (1877),  8vo, 

London. 
McCoy,  F. — Prodromus  of  tlie  Palaeontology  of  Victoria,  Decade  IV  (1876),  8ro, 

Melbourne. 

MoBRis,   John. — ^A  Catalogue  of  British  Fossils,  2nd    Edition    (1854),    8yo 

London, 

F.  Fbddbn,  Esq. 

Owen,    Bichabd. — ^Memoirs  on  the  Extinct  Wingless   Birds  of  New  Zealand, 

Vols.  I  and  II  (1879),  4to,  London. 

RojaJ  Society's  Catalogue  of  Scientific  Papers,  Vol.  VIII  (1879),  4to,  London. 

RuTLBT,  Frank. — The  Study  of  Bocks  (1879),  8vo,  London. 

BtJHLMANN,  Dr.  B. — Die  Barometrischen  Hohenmessungen  (1870),  8vo,  Leipzig. 

Smtth,  W.  W.,  Bebks,  T.,  and  Budlbb,  F.  W. — Catalogue  of  the  Mineral  Col- 
lections in  the  Museum  of  Practical  Geology  (1864),  Svo, 
London. 

Thomas,  J.  W. — ^A  Treatise  on  Coal,  Mine-Gases,  and  Ventilation  (1878),  Svo, 

London. 

U.  S.  Geological  Exploration  of  the  40th  Parallel,  Vol.  I.  Systematic  Geology 

by  Clarence  King  (1878),  4to,  Washington. 

C.  Ejno,  Esq. 

Vega's  Logarithmisch  Trigonometrisches  Handbuch  (1878),  8vo,  Berlin. 

Watts,  Henry. — A  Dictionary  of  Chemistry,  3rd  Supple.,  Part  I  (1879),  8vo, 

London. 


PEBIODICALS,  SEBIALS,  Ac. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vols.  XVII,  No.  102,  and 

XVIII,  Nos.  103-104  (1879),  8vo,  New  Haven. 

The  Editors. 

Annalon  der  Physik  und  Chemie,  New  Series,    Band    VII,  heft  2-4    (1879), 

8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XV,  livr.  1-2  (1879),  8vo,  Paris. 

L*Admini8.  des  Mines. 
Annals  and  Magazine  of  Natural  History,  5th  Series,  Vols.  Ill,  No.  18,  and  IV, 

No.  20  (1879),  8vo,  London. 

Archiv  fiir  Naturgeschichte,  Jahrg.  XLV,  heft  3  (1879),  8vo,  Berlin. 

Atheneeum,  Nos.  2694-2706  (1879),  4to,  London. 

Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  III,  Nos.  6-8  (1879), 

Svo,  Leipzig. 
BibliothSque  Universelle  et  Bevue  Suisse,  3rd  Series,  Vols.  II,  Nos.  4-6,  and  III, 

No.  7  (1879),  8vo,  Lausanne. 
Bibliothfeque  Universelle.     Archives  des  Sciences  Physiques  et  Naturelles,  3rd 

Series,  Vols.  I,  Nos.  3-6,  and  II,  No.  7  (1879),  8vo,  Geneva. 
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Titles  erf  JBooks.  Donors. 

Chemio^Ll  News,   Vols.  XXXIX,   Nos.   1020-1022,  and    XL,   Nos.   1023-1032 

(1879),  4to,  London. 
CoUiery    Ouardian,  Vols.  XXXVII,  Nos.  962-965,  and  XXXVIII,  Nos.  966-974 

(1879),  foL,  London. 
Geologiofil  Magazine,  New  Series,  Decade  II,  Vol.  VI,   Nos.   6-8   (1879),   8vo, 

London. 
Iron,  :N-€j^  Series,  Vols.  XIII,  Nos.  336-337,  and  XIV,  Nos.  338-347  (1879),  foL, 

London. 
Jonrt^^^  de  ConchyKologie,  3rd  Series,  Vol.  XIX,  Nos.  1-2  (1879),  8vo,  Paris. 
JjOUiXfyjx^  Edinburgli,  and  Dnbliu  Philosophical  Magazine  and  Jonmal  of  Science, 

5th  Series,  Vols.  VII,  No.  45,  and  VIII,  Nos.  46-47  (1879), 
8vo,  London. 
-jUiixiug  Journal,  with   Supplement,   Vol.   XLIX,  Nos.   2285-2297  (1879),  fol., 

London. 
TioTitlily  Journal  of  Science,  3rd  Series,  Vol.  I,  Nos.  66-68  (1879),  8vo,  London, 
^^ture.  Vol.  XX,  Nos.  502-514  (1879),  4to,  London. 
'S^tur©  Novitates,  Nos.  1-16  (1879),  8vo,  Beriin. 
i^eues  Jahrbuch  fiir  Mineralogie,  Geologic,  und  Palseontologie,  Jahrg.  1879,  heft 

5-7  (1879),  8vo,  Stuttgart. 
Palaeontographica,  Supplement  III,  Lief  III,  heft  3  (1878),  4to,  Cassel. 
Petermann's  Geographische  Mittheilungen,  Band  XXV,   Nos.  6-8   (1879),  4to, 

Gotha. 
Petermann's  Geographische  Mittheilungen,  Supple.  No.  58  (1879),  4to,  Gotha. 
Professional  Papers  on  Indian  Engineering,  Ist  Series,  Nos.  9,  11  and  22^,  2nd 

Series,  Nos.  30  and  33  (1869,  1878,  and  1879),  8vo,  Eoorkee. 

Thomason  College  of  Cjyil  Engineerino. 
Qnarterij  Journal  of  Microscopical  Science,  New  Series,  No.  LXXV  (1879), 

8yo,  London. 


GOVERNMENT  SELECTIONS,  Ac. 

Indu. — Indian  Museum:   Annual  Reports,   Lists  of  Accessions,   and  selected 

Extracts  of  Minutes,  April   1878  to  March   1879,  Vol.  X 
(1879),  8vo,  Calcutta. 

The  Trustees. 

„       Lists  of  Officers  in  the  Survey  Departments  on  the  1st  July  1879  (1879), 

flsc,  Calcutta. 

Home,  Revenue,  and  Agriculture  Department. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  De- 
partment, No.  158.  Annual  Administration  Report  of  the 
Garo  Hills  for  1878-79  (1879),  8vo,  Calcutta. 

Foreign  Department. 

Madras. — Report  on  the  Administration  of  the    Madras    Presidency  during 

1877-78  (1879),  8vo,  Madras. 

Madras  Government. 
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TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES. 

Titles  of  Bool' 8.  Donors, 

Batavu. — Natuarktindig  Tijdachrift  voor  Nederlandsch-Indie,  Deel  XXXVIII 

(1879),  8vo,  Batavia. 

The  Society. 

Berlin. — Monatsbericbt  der    Konig.    Prenss.     Akad.    der  Wissenschaften   sn 

Berlin,  March,  April,  and  May  (1879),  8yo.,  Berlin. 

The  Academy. 
„         Zeitscbrift  der  DentRchen  Geologiscben  G^sellschaft,   Band   XXXI, 

heft  I  fl879),  8vo,  Berlin.  The  Society. 

„         Register  zn  dem  XXI  bis  XXX  bande       ditto  ditto,     (1869-78), 

8vo,  Berlin. 

The  Society. 

Bristol. — Proceedings  of  the  Bristol  Naturalists'  Society,  New  Series,   Vol.  II, 

Part  3  (1879),  8vo,  Bristol. 

The  Society, 

Brussels. —  Bulletin  de  la  Soci^t^  Beige  de  Geograpbie,  1879,  Nos.  1-2  (1879), 

8yo,  Bmzelles. 

The  Society. 

Calcutta. — Journal  of  tbe  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XL VIII, 

Part  I,  Nos.  1-2,  and  Part  II,  No.  2  (1879),  8vo,  Calcutta. 

The  Society. 

„         Proceedings  of  tbe  Asiatic  Society  of  Bengal,    Nos.   5-7   (1879),  8yo, 

Calcutta. 

The  Society. 

„        Memoirs  of  tbe  Geological  Survey  of  India,  Vol.  XVI,  Part  1  (1879), 

8vo,  Calcutta. 

The  Survey. 

„         Pal88ontok>gia  Indica,  Series  II,  Part  4  (1879),  4to,  Calcutta. 

The  Survey. 

Records  of  the  Geological   Sarvey  of  India,  Vol.  XII,  No.  3  (1879), 
8vo,  Calcutta. 

The  Survey. 

Christiana.— Broogbr,  W.  C. — Cm  Trondbjemsfeldtets  Midlere  Af deling  Mellem 

Guldalen  og  Meldalen  (1877)i  8vo,  Pbl.  Cbristiania. 

The  University. 

„  Kjbrulf.  Dr.  Theo. — Om  Stratifikationeus  Spor  (1877),  4to,  Pbl. 

Cbristiania. 

The  University. 

„  Rk  usch,  H.  H. — Grundf  jeldet  i  Sondre,  Sondmor  og  en  Del  af  Nordf- 

jord  (1877),  8vo.  Pbl.  Cbristiania. 

The  University. 
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Titles  of  Books,  Donors. 

Christuna.— Beusch,   H.    H.-^IagttagelBer  over  isskuret-Fjeld  og    forvitret 

Fjeld  (1878),  8vo,  Phi.  Christiania. 

The  University. 

Dresden. — Sitzmigs-Berichte  der  Natnrwissenscliaftliclien  Gesellscliaft,   Isis  in 

Dresden,  Juli-December  1878  (1879),  8vo,  Dresden. 

The  Society. 

Dublin. — Journal  of  the  Eoyal  Geological  Society  of  Ireland,  New  Series,   Vol. 

V,  Part  1  (1878),  8vo,  Dublin. 

The  Society. 

Edikburoh. — Transactions  of  the  Royal   Scottish   Society  of  Arts,  Vols.  IX, 

Part  6,  and  X,  pt.  1  (1878),  8vo,  Edinburgh. 

The  Society  j 

Glasgow.— The  Glasgow  University  Calendar  for  1879-80  (1879),  8vo,  Glasgow. 

The  University. 

London. — Catalogue  of  the  birds  in  the  British  Museum,  Vol.   IV   (1879),   8vo, 
-  London. 

The  British  Museum. 

„         Illustrations  of  the  typical  specimens  of  Lepidoptera  Heterocera  in  the 

collection  of  the  British  Museum,  Part  II,  by  A.   G.  Butler 
(1878),  4to,  London. 

The  Museum. 

„         Index  to  the  Collection  of  Minerals  in  the  British  Museum  (1878), 

8vo,  London. 

The  British  Museum. 

Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 
Vol.  VIII,  No.  3  (1879),  8vo,  London. 

Journal  of  the  Iron  and  Steel  Institute,  1871,  No.  2  ;  1872,  No.  1,  Part 
I,  and  Nos.  3  and  4 ;  1873,  Nos.  1-2 ;  1874,  Nos.  1-2  ;  1875, 
Nos.  1-2  ;  1876,  Nos.  1-2 ;  1877,  Nos.  1-2 ;  and  1878,  Nos. 
1-2.  (1871-78),  8vo,  London. 

The  Institute, 

„  Transactions  of  the  Iron  and    Steel  Institute,  Vol,  I,  Nos.  1  to  6 

(1869),  and  No.  7  (1870),  (1869-70),  8vo,  London. 

The  Institute. 

„         Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland, 

New  Series,  Vol.  XI,  Parts  1-2  (1879),  8vo,  London. 

The  Society. 

B 


» 


i9 


816  Records  of  ike  Geological  Surv^  of  India.  [tol.  xii 

Titles  of  Books,  Donors, 

London.— Journal  of  the  Society  of  Artg,  Vola.  XIX  (1870)  to  XXVII,  Nos. 

1357-1396  (1879),  (1870—79),  8vo,  London. 

TfiR  Society. 

„  Proceedings  of  the  Royal  Geographical  Society  and  Monthly  Record 

of  Geography,  New  Seriea,  Vol.  I,  Nog.  6  to  8  (1879),  8vo, 
London. 

The  Socibtt. 

»i  Proceedings  of  the  Royal  Institution  of  Great  Britain,  Vol.  VIII, 

Parts  5-6,  Nos.  63  and  69  (1878-79),  8yo,  London. 

Thb  Ikstitutb, 

j9  Proceedings  of  the  Royal   Society  of  London,  Vols.  XXVIII,  Nos. 

194-195,  and  XXIX,  No.  196  (1879),  8vo,  London. 

Thb  Society. 
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>» 
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Philosophical  Transactions  of  the  Royal  Society  of  London,  Vols.  167, 

Parte   1-2    (1877),   168,  Parte   1-2   (1878),  and  168,  extra 

Vol.  (1879),  and  Vol.  169,  Parte  1-2,  with  list  of  FeUows  for 

1878  (1877-79),  4to,  London. 

The  Society. 

Proceedings  of  the  Zoological  Society  of  London,  Part  IV,  1878,  and 
Parts  I  and  II,  1879  (1878  and  1879),  8vo,  London. 

The  Society. 

Transactions  of  the  Zoological  Society  of  London,  Vol.  X,  Parte  10-12 
(1879),  4to,  London. 

The  Society. 

Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXV, 
No.  138,  Part  2  (1879),  8vo,  London. 

The  Society. 

Ray  Society. — Bucktoit,  G.  B. — ^Monograph  of  the  British  Aphides, 

Vol.  II  (1879),  8vo,  London. 

MiLPEiD. — Boletin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  VI,  Nos.  4-5,  and 

Band  IV,  No.  6  (1879),  and  Vol.  VII,  No.  1   (1879),  8vo, 

Madrid. 

The  Societt. 

,  ^nohbster.— Transactions  of  the  Manchester  Geological   Society,  VoL  XV, 

Nos.  3-6  (1878),  8vo,  Manchester. 

The  Society. 

Melbouenb,— Mineral  Statistics  of  Victoria  for  1878  (1879),  flsc.,  Melbourne. 

Mining  Department,  Victoria. 

„  Report  of  the  Chief  Inspector  of  Mines  to  the  Hon'ble  the  Minister 

of  Mines  for  1878  (1879),  flsc,  Melbourne. 

Mining  Department,  Victoria. 
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JUKiBotraitB.— Reportfl  of  the  Mining  Snrvejors  and  Registrars  for  quarter  end- 
ing 31st  March  1879  (1879),  flsc,  Melbourne. 

Mining  Dbpartment,  Victoria. 

"  Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria, 

Vol.  XV  (1879),  8vo,  Melbourne. 

The  Society. 

Moscotj.^ Bulletin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscou,  Vol.  LIII, 

No.  3  (1878),  8vo,  Moscou. 

The  Society. 

^^^. — Abhandlungen  der  Mathematisch-Physikalischen  Classe  der  Konig- 

lich  Bayerischen  Akademie  der  Wissenschaften,  Band  XlII, 
Abth.  2  (1879),  4to,  Mttnchen. 

The  Academy. 

**  Lamont,  Dr.  J.  V.    Meteorologische  und  Magnetische  Beobachtungen 

der  k.  Stemwarte  beiMiinchen  1878  (1879),  8yo,  MUnchen. 

The  Academy. 

„         Sitzungsberichte  der    Math.-Phys.   Classe  der  K.  B.    Academic  der 

Wissenschaften,  heft  1-4  (1878),  and  heft  1    (1879),   8vo, 
Miinchen. 

The  Academy, 

„         Ueber  die  Chemische  Synthese  (1878),  4to,  Miinchen. 

The  Academy. 

New  ZEALAND.-^Thirteenth  Annual  Report  on  the  Colonial  Museum  and  Labora- 
tory of  New  Zealand  (1878),  8yo,  New  Zealand. 

Oeol.  Survey,  New  Zealand. 

Paris. — Bulletin  de  la  Soci€t6   G^ologique  de  France,   3rd   Series,   Vol.    V, 

pp.  863-898  (1877),  and  Vol.  V,  No.    12,  and  VII,  No.  2 
(1879),  (1877  and  1879),  8vo,  Paris. 

The  Society. 

Philadelphia. — Journal  of  the  Franklin   Institute,  3rd  Series,  Vols.  LXXVII, 

No.  6,  and  LXXVm,  Nos.  1-2  (1879),  (1879),  8vo,  Phila- 
delphia. 

The  Institute. 

y,  Proceedings  of  the  Academy  of  Natural  Sciences,  Parts  I-III, 

(1878),  8vo,  Philadelphia. 

The  Acaaemy. 

,y  Proceedings  of  the  American  Philosophical  Society,  Vol,  XVIII, 

No.  102  (1878),  8vo,  Philadelphia. 

The  Society. 
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Pisa. — Atti  della  Societa  Toscana  di  Scienze  Naturali,  Vol  IV,  1  (1879),  8vo, 

Pisa. 

The  Society. 

„        Process!  verbal!  dolla  Societa  Toscana  di  Scienze  Natural!,  11  Maggio  1879, 

(1879),  8vo,  Pisa. 

The  Society. 

Rome  — Atti  della  Reale  Accademia  dei  Lincei,  Series  III,  Transnnti,  Vol.  Ill, 

flsc,  6  and  7  (1879),  4to,  Rome. 

The  Academy. 

Salem. — Proceedings   of    the   American   Association  for  the  Advancement    of 

Science,  Vol.  XXVI  (1878),  8vo,  Salem. 

The  AssociATioy. 

Singapore. — Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  2 

(1878),  8vo,  Singapore. 

The  Society. 

St.  Petersburg. — ^M^moires  da  L'  Academic  Imp^riale  des  Sciences  de  St.  Peters- 

bourg,  7th  Series,  Vol.   XXVI,  Nos.    5-11   (1878-79),  4to, 
St.  Petersbourg. 

The  Academy. 

Toronto. — The  Canadian  Journal :  Proceedings  of  the  Canadian  Institute,  New 

Series,  Vol.  I,  Part  1  (1879),  8vo,  Toronto. 

The  Institute. 

Turin. — Atti  della  R.  Accademia  delle  Scienze  di  Torino,   Vol.  XIV,  Nos.  4-5 

(1879),  8vo,  Torino. 

The  Academy. 

„         BoUettino  dell*  Osservatorio  della  Regia  Universita  di  Torino,  Anno. 

XIII  (1879),  Obg.  4to,  Torino. 

The  Academy. 

Vienna. — Jahrbuch  der  k.  k.  Geologischen  Reichsanstalt,  Band  XXVIII,  No.  4, 

and  XXIX,  No.  1  (1878-79),  8vo,  Wien. 

The  Institute. 

„  Verhandlungen  der  k.  k.  Geologischen  Reichsanstalt,  Nos.  14-18  (1878), 

and  Nos.  1-6  (1879),  (1878-79),  8vo,  Wien. 

The  Institute. 

Washington. — ^Annual  Report  of  the   Board  of  Regents  of  the  Smithsonian  In- 
stitute for  1877  (1878),  8vo,  Washington. 

The  Institute, 

„  Bulletin  of  the  United  States  Geological  and  Geographical  Sur- 

vey of  the  Territories,  Vol.  IV,  Nos.  3-4  (1878),  8vo,  Wash- 
ington. 

The  SurVut. 
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Washington. — Hatden,  F.  V. — Tenth  Annual  Report  of  the  United  States  Geo- 
logical and  Geographical  Survey  of  the  Territories  embracing 
Colorado,  and  parts  of  adjacent  territories  (1878),  8vo, 
Washington. 

The  Survey. 
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United  States  Geological  and  Geographical  Survey.  Miscellane- 
ous publications,  No.  XI.  Birds  of  the  Colorado  Valley,  by 
E.  Cowes,  Part  1  (1878),  8vo,  Washington. 

The  Survey. 

Report  of  the  Commissioner  of  Agriculture  for  1877  (1878),  8vo, 
Washington. 

COMUISSIONEB  OF  AGRICULTURE,  U.  S. 

Wellington. — Transactions  and  Proceedings  of   the  N.ew  Zealand  Institute, 

Vol.  XI  (1879),  8vo,  Wellington. 

The  Institute. 

Tokohama. — Mittheilungen  der  Deutschen  Gesellschaft  fiir  Natur  und  Volker- 

kunde  Ostasiens,  heft  XVII  (1879),  flsc,  Yokohama. 

The  Society. 

,/  Transactions  of  the  Asiatic   Society  of  Japan^  Vol.  VII,  Part  3, 

(1879),  8vo,  Yokohama. 

The  Society. 
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OF   THE 


GEOLOGICAL  SURVEY  OF  INDIA. 


Part  1.  ]  1880.  C  February. 


Ankual  Bbpobt  of  thb  Gbological  Surybt  of  India,  and  of  thb  G-eoloqigal 

Museum,  Calcutta,  fob  the  year  1879. 

In  the  Peninsular  area  there  were  five  snryej  parties  at  work  dmiog  the  field 
Mason  of  1878-79. 

As  announced  in  the  annual  report  for  1878,  Mr.  Foote  took  up  new  ground 
S.  IvniA :  to  the  south  of  Trichinopoly,  to  trace  out  in  that  direction 

Mr.FooU,  anj  remnants  of  the    deposits    of  various   ages  already 

known  along  the  coastal  region  to  the  north.  He  carried  his  work  through  the 
Pudukotai  State  to  the  latitude  of  Madura,  but  nothing  of  interest  was  found. 
The  irregular  boundary  of  the  gneiss  occurs  at  a  distance  of  about  35  miles  from 
the  coast,  and  the  intervening  ground  is  principally  occupied  by  the  lateritic 
formation,  overlying  and  closely  connected  with  the  Cuddalore-sandstone  group, 
first  described  by  Mr.  H.  F.  Blanford  in  the  Trichinopoly  area.  Its  exact  age  is 
still  undetermined — ^probably  older  tertiary.  The  laterite  overlaps  it  to  the  west, 
and  rests  on  the  gneiss.  Mr.  Foote's  account  of  this  ground  is  published  in  the 
August  number  of  the  Records. 

Mr.  Foote's  map  and  description  of  the  North  Arcot  district,  published  in  the 
Becords  for  November,  were  compiled  from  observations  made  many  years  ago 
by  himself  and  other  members  of  the  Survey. 

In  the  Pranhita-Godavari  area,  besides  the  general  extension  of  his  survey  of 
GoDAVABi :  &^1  the  Oondw&na  rocks  of  that  basin,  Mr.  King  has  fairly 

Mr,  Kifig,  succeeded  in  maintaining  a  distinction  of  upper  and  lower 

in  the  Kota-Maleri  series^  so  far  as  established  by  overlap,  which  is  still  the  prin- 
cipal feature  of  unconformity  between  the  several  groups  of  the  Gondwina 
system.  Within  the  local  basin  we  are  indeed  still  unable,  as  was  shown  by 
Mr.  Hughes  (Records,  XI,  page  29),  to  demarcate  the  groups  closely,  but  Mr. 
King  has  found  that  to  the  south  there  are  no  representatives  of  the  Maleri  clays 
between  the  Kota  beds  and  the  Sironcha  sandstone,  which  he  now  recognises  as 
belonging  to  the  Kdmthis  (lower  Gondwanas) .  The  conjectured  intercalation  of 
the  peculiar  fossils  of  the  two  zones  has  not  been  confirmed,  so  as  to  modify  this 
stratigraphical  indication ;  and  thus  the  original  distinction  indicated  by  the 
liassic  fossils  of  the  Kota  beds  and  the  rhoeto-triassic  fossils  of  the  Maleri  clays 
stands  for  the  present  confirmed.     (/See  Pal.  Ind.,  Ser.  lY,  2  ;  Manual,  p.  151.) 
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In  continuation  westwards  of  Mr.  BalFs  survey  of  the  Aurunga  and  Hntar 
Son  Basin:  coal-fields  (Memoirs,  XV,  Pt.  1),  Mr.   Oriesbach,  during 

Jfr.  Oriesbach,  last  field  season,  mapped  and  described  some  900  square 
miles  of  Gondwana  rocks  in  Bamkola,  between  Tatapani  and  the  Ber  river  (his 
Memoir  is  now  at  press,  as  Part  II  of  Vol.  XV).  This  ground  is  the  easternmost 
prolongation  of  the  great  central  area  of  South  Bewah  or  the  Son,  extending 
westwards  to  near  Katni  on  the  Jabalpur  railway,  and  south-eastwards  into  the 
Mahanadi  basin,  to  near  Sambalpur. 

In  the  report  for  last  year  I  gare  a  brief  discussion,  based  upon  Mr.  Ball's 
description,  of  the  stratigraphical  features  of  this  region  as  the  transition  ground 
between  the  well-marked  divisions  of  the  lower  Gondw&na  series  in  the  Damuda 
valley  and  the  conditions  found  in  the  midland  areas,  where  the  higher  groups 
of  the  lower  Gondwanas,  as  in  the  Kamthi  and  Hingir  beds,  exhibit  more  the 
petrological  characters  of  the  upper  part  of  the  series.  It  seemed  as  if  in  the 
Hutar  field  and  locally  in  the  Aurunga  field,  we  already  had  this  condition  estab- 
lished ;  and  I  pointed  out  that  we  only  awaited  the  discovery  of  lower  Gondwdna 
fossils  in  the  overlying  sandstone  here  to  make  certain  of  it,  and  hence  to  draw 
some  important  inferences  regarding  the  horizon  of  the  top  sandstone  C  upper 
Panchet")  of  the  Damuda  fields.  It  seems,  however,  that  we  shall  have  to  look 
farther  west,  within  the  midland  area  itself,  for  the  facts  of  this  stratigraphical 
change.  Mr.  Griesbach  has  traced  a  Raniganj  group,  with  good  fossil  characters, 
and  a  Panchet  group  less  distinctly,  at  and  west  of  Tatapdni ;  but  these  have  been 
reclaimed  chiefly  from  the  low-lying  outcrops  previously  supposed  to  be  all  of  the 
Barakar  group, — not  from  the  hill-forming  sandstone,  from  which  the  upper 
(?  Panchet)  beds  are  not  easily  separable.  Mr.  Ball  gave  in  his  map  of  the 
Hutar  field  an  indication  of  the  possible  position  of  an  intermediate  group. 

A  principal  object  in  sending  Mr.  Griesbach  at  once  to  a  typical  Gondwana 
*  area  was,  as  mentioned  in  last  annual  report,  that  he  might  elucidate  the  supposed 
similarity  between  these  rocks  and  the  Karoo  formation  of  South  Africa ;  in- 
deed this  object  was  of  much  weight  in  recommending  his  appointment  to  the 
Survey.  In  this  respect  his  memoir  on  the  Bamkola  coal-fields  will  be  found 
disappointing,  the  more  so  as  it  shows  him  to  have  considerable  proficiency  in  the 
art  of  geological  surveying.  Mr.  Griesbach  has  reserved  his  observations  on  this 
point  for  a  still  wider  comparison  in  connection  with  his  more  recent  work  in  the 
Himalayas,  of  which  a  notice  will  be  given  in  the  Becords  for  May.  He  has 
verbally  stated  that  the  Tdlchir  boulder  bed  bears  a  very  strong  resemblance  to 
the  Ecca  beds  of  Natal,  and  his  descriptions  exhibit  more  strongly  than  any  yet 
given  some  of  the  glacial  characters  of  the  boulder  bed  ;  but  he  refrains  from 
any  expression  of  opinion  on  this  much -vexed  question. 

It  will  be  seen  that  the  map  of  the  Bamkola  fields  exhibits  a  free  use  of  faults, 
therein  resembling  other  maps  of  similar  ground.  The  practice  is  quite  legitimate, 
faults  being  a  very  common  feature  in  such  rocks ;  but  it  is  capable  of  abuse,  and 
it  has  often  seemed  to  me  that  this  limit  has  been  passed  in  our  descriptions 
of  these  Gondwana  basins.  A  main  boundary  is  represented  as  a  fault,  without 
a  word  to  qualify  all  the  inferences  that  would  follow  from  the  simple  use  of 
that  word.     Thus,  as  to  the  throw  of  this  fault,  that  it  amounts  at  least  to  the 


PART  1.]  Annnal  Reporf  for  1879.  3 

total  thickness  of  the  strata  on  the  downthrow  side.  No  d  priori  objection  could, 
indeed,  be  made  on  this  count,  for  faults  of  very  great  throw  are  fully  established ; 
it  is  the  discrepancy  of  the  fact  with  other  features  of  the  description  that  calls 
attention.  Thus,  immediately  on  the  upthrow  side  of  such  a  fault,  or  near  it, 
patches  of  the  highest  beds  of  the  downthrow  series  may  be  seen  resting  on  the 
base-rock,  which  fact  at  once  makes  the  fault  in  its  primd  facie  aspect  impossible. 
When  attention  is  called  to  this,  the  usual  explanation  is,  that  the  fault  occurred 
before  that  upper  group  was  deposited.  This  assertion  is  not  so  easily  diBx>08ed 
of,  but  I  consider  that  in  the  cases  before  us  it  is  in  a  great  measure  disposed  of : 
it  may,  I  think,  be  held  as  impossible  that  disturbance  of  such  magnitude  as  ia 
implied  by  a  fault  of  several  thousand  feet  throw  could  take  place  between  two 
groups  of  a  stratified  series,  and  not  produce  far  greater  effects  of  discordance 
than  haye  as  yet  been  observed  between  any  groups  of  the  Oondwdna  series.  I 
do  not  forget  that  I  have  myself  illustrated  the  compatibility  of  complete  apparent 
conformity  with  synchronous  great  disturbance  in  the  immediate  vicinity  (Manual, 
pp.  550-51)  ;  but  that  case  rather  enforces  than  invalidates  the  remarks  I  have 
just  made :  if  the  apparent  discrepancy  to  which  I  have  called  attention  were 
susceptible  of  an  analogous  interpretation,  the  notice  of  the  feature  as  a  simple 
fault  would  be  none  the  less  misleading.  I  would  again  invite  my  colleagues  to 
a  more  critical  attention  to  their  *  faults' :  an  erroneous  fault  within  the  stratified 
series  may  only  lead  to  mistakes  in  calculating  the  position  of  any  particular 
bed ;  but  a  mistake  as  to  the  nature  of  a  main  boundary  leads  us  altogether 
astray  in  judging  of  the  original  conditions  of  the  formation,  the  discovery  of 
which  is  a  principal  object  of  our  study.  Thus,  for  this  Gondwana  formation, 
it  is  generally  supposed  to  be  in  the  main  of  subaerial  origin,  by  rain  and  rivers, 
and  presumably  accumulated  upon  an  area  of  subaerial  erosion ;  yet  the  ever 
ready  introduction  of  faults,  pure  and  simple,  at  the  limits  of  the  basins,  leaves 
this  supposition  out  of  sight. 

In  KBttywBiT,  which  belongs  to  the  peninsular  area,  on  the  southern  confines 
Kattzwab:  of  the  Arvali  metamorphic  region,  Mr.  Fedden  completed 

Mr.  Fedden.  the  survey  of  some  1,900  square  miles  (sheets  24,  25,  and 

36)  in  continuation  to  the  south  of  his  previous  season's  work,  besides  making 
some  preliminary  traverses  of  adjoining  ground.  With  the  exception  of  a  small 
inlier  of  Upper  Gondwana  (Jurassic)  rocks  of  the  Umia  horizon  near  Mew&sa, 
and  very  local  outcrops  of  a  sandstone  locally  underlying  the  trap,  but  containing 
trappean  debris,  the  whole  area  is  occupied  by  the  great  eruptive  formation.  It 
is  mostly  stratified,  having  a  slight  inclination  to  the  south,  but  huge  dykes  tra- 
verse it  in  various  directions,  forming  prominent  ridges  across  the  low  undulat- 
ing countiy.  Terraces  of  the  marine  miliolitic  limestone  occur  locally  halfway 
up  the  sides  of  these  ridges.  The  marble  of  local  repute  as  Gondal  marble 
is  only  an  irregular  sparry  vein  in  the  trap,  not  more  than  2^  feet  wide; 
it  occurs  at  Elhirsdra  and  Sajriali,  15  miles  north-west  of  Dhor^ji.  A  cur- 
sory visit  was  made  to  the  famous  Junagarh  hills,  the  volcano-like  construction 
of  which  was  early  noticed,  but  which  were  said  to  be  in  part  formed  of  gneissic 
or  granitic  rocks.  The  isolated  central  hill  forming  the  sacred  peak  of  Gimilr  is 
a  mass  of  thoroughly  crystalline  rock,  a  granular  compound  of  a  clear  plagioclase 
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felspar  and  a  dark.green  mineral  principallj,  if  not  all,  biotite,  and  it  seems,  in- 
deed, to  be  the  core  of  a  volcanic  focus.  The  annular  ridge  surrounding  Gimir, 
outside  a  deep  intervening  valley,  is  largely  made  up  of  trachytic  dykes  and 
bedded  basaltic  masses  with,  a  quaquaversal  slope. 

In  Bajputana  Mr.  Hacket  added  a  very  large  area  (more  than  10,000  square 
BAjpvTiirA!  miles)  to  his  previous  survey  of  the  Arvali  region,  ex- 

Mr.  SaeJcei,  tending  to  the  south-west  as  far  as  Erinpura.     The  scat- 

tered position  of  the  outcrops  in  a  wide-spread  waste  of  sand  makes  such  a  result 
possible.  As  soon  as  the  area  to  the  east  of  the  range  is  filled  in,  up  to  the  Yin- 
dhyan  scarp  near  Bdndi,  as  Mr.  Hacket  hopes  to  accomplish  during  the  present 
field  season,  a  connected  account  of  this  portion  of  the  region,  up  to  Delhi,  can 
be  published. 

The  Vindhyan  strata  were  found  to  cover  a  large  area  to  north  and  east  of 
Jodhpur.  Their  most  north-easterly  outcrop  is  at  Khdtu,  80  miles  north-by- 
east  from  Sojat.  They  everywhere  rest  flatly  upon  the  old  rocks — ^the  gneiss,  the 
Bai&lo  schists,  the  Malini  felsites,  or  the  Alwar  quartzites.  There  is  generally  a 
thin  band  of  fine  quartz  conglomerate,  or  of  green  shales,  quite  unaltered,  at  the 
base,  overlaid  by  pale  fine  sandstone  like  the  Kaimur  rock,  to  which  succeeds 
a  red  rock  like  the  Bhanrer  sandstone.  The  whole  varies  in  thickness  from 
100  feet  at  Sojat  to  350  feet  at  Khitu.  There  is  sometimes  a  conglomerate 
between  the  two  types  of  sandstone.  Cherty  calcareous  beds  are  associated  with  the 
red  sandstone  at  top,  thus  connecting  this  rock  with  an  overlying  limestone  that 
covers  large  areas ;  it  is  locally  200  feet  in  thickness. 

A  very  peculiar  boulder  formation  is  described  as  occurring  on  and  about  the 
Yindhyans,  especially  the  limestone,  yet  not  belonging  to  them.  The  blocks,  up 
to  3  feet  in  diameter,  are  thoroughly  water- worn,  formed  exclusively,  so  far  as 
observed,  of  the  Alwar  quartzites.  They  lie  loosely,  without  any  matrix,  in  banks 
sometimes  more  than  100  feet  thick. 

The  felsitic  eruptive  rocks  described  by  Mr.  Blanford  as  the  Malini  beds, 
south  of  Jodhpur,  are  considered  by  Mr.  Hacket  to  belong  to  the  Baiilo  horizon, 
as  he  found  typical  beds  of  that  rock  associated  with  the  schists  north  of  Dewair, 
in  the  centre  of  the  Arvali  range. 

In  the  EztrO'Peninsular  area  there  were  two  survey  parties  at  work  in  the 
cold  season  of  1878-79 ;  and  in  the  sunmier  of  1879  two  were  engaged  in  the 
high  Himalayas. 

With  the  new  maps  of  KumaunMr.  Theobald  surveyed,  or  at  least  -explored, 
SuB-HncALATA :  the  belt  of  tertiaiy  rocks  at  the  base  of  the  mountains  be- 
Ifr.  Theobald.  tween  the  Gbnges  and  the  Kdli,  in  continuation  of  the 

work  done  several  years  previously  to  the  west  of  the  Gtmges.  Since  these  lower 
hiUs  have  been  so  extensively  taken  up  for  forest  reserves  they  have  become  mof^ 
inaccessible  than  ever,  the  temporary  villages  and  the  paths  connected  with  them 
having  disappeared. 

The  Siwaliks  of  this  region  (if  indeed  the  strata  of  these  flanking  ridges 
include  true  Siwaliks,  as  Mr.  Theobald  seems  to  think)  still  Tnaint>ain  their 
character  as    nnfossiliferous,   no    success  having  rewarded  the   search    of   se 
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experienced  a  collector.  Other  results,  too,  are  wanting;  the  so  far  unique  occur- 
rence of  eruptive  rock  in  the  tertiary  sandstones  at  the  Gola  river  {see  Manual* 
p.  543)  remains  undescribed.  After  several  consecutive  seasons'  work  upon  these 
sub-Himalayan  rocks,  Mr.  Theobald  has  now  seen  more  of  them  than  any  one 
else,  and  he  should  be  in  a  position  to  throw  some  light  upon  their  structure  and 
history.  There  is  no  lack  of  independent  speculation  in  the  several  progress 
reports  sent  in,  but  there  is  a  too  conspicuous  want  of  critical  observation,  whether 
in  support  of  the  several  conflicting  views  put  forward  by  himself  at  different 
times,  or  in  refutation  of  the  interpretations  already  published  by  others.  After 
the  present  season's  work,  however,  we  must  place  on  record  the  result  of  his  more 
matured  study. 

In  the  past  field  season,  or  in  part  of  it,— for  he  also  made  a  reconnaissance  of 
SALT-BjoraB :  ^^  gTouud  far  to  the  north  between  Kohat  and  Thai,  on 

Mr.  Wynne,  the  Kuram, — Mr.  Wynne  accomplished  the  survey  of  the 

western  extension  of  the  Salt-range,  from  the  Indus  to  the  outskirts  of  the  Suli- 
m&n  range,  beyond  Shekh  Budfn.  Following  the  great  curves  of  the  range,  its 
length  is  about  100  miles,  and  considering  the  great  intricacies  of  the  sections, 
and  the  peculiar  interest  of  many  features  of  the  ground,  it  will  be  readily  under, 
stood  that  so  rapid  a  survey  cannot  be  very  searching,  much  less  exhaustive;  but 
Mr.  Wynne's  map  and  description  will  form  a  thorough  guide  to  future  explorers, 
the  leading  features  being  no  doubt  pourtrayed  with  sufficient  accuracy.  AL 
though  the  rock-salt,  which  gives  its  name  to  the  Salt-range,  extends  a  very  short 
way  west  of  the  Indus,  all  the  main  structural  characters  of  the  western  extension 
correspond  with  those  of  the  cis-Indus  Salt-range,  with  which  Mr.  Wynne  is  so 
familiar ;  indeed,  without  this  knowledge  the  work  could  not  have  been  accom- 
plished. A  principal  variation  found  in  this  new  ground  is  the  expansion  of  the 
boulder  zone,  which  near  the  Indus  is  the  only  rock  between  the  Productus-lime« 
Btone  and  the  Salt-marl.  At  the  south-west  end  of  the  Khasor  ridge  the  purple 
sandstone  is  again  in  force,  but  with  an  intervening  band  of  red  clays,  gypsum 
and  dolomite,  which  alternate  with  the  boulder  beds  at  top.  These  middle  beds 
are  unlike  those  of  similar  composition  in  the  saline  series,  below  the  purple  sand- 
stone,  although  their  general  composition  would  seem  to  connect  them  with  those 
lower  deposits  of  the  Salt-range  series.  Mr.  Wynne,  however,  suggests  that  they 
may  represent  the  Oholua  beds,  which  in  the  east  Salt-range  rest  on  the  purple 
sandstone.  Although  nearly  suppressed  in  the  Maidan-Chichali  part  of  the  range, 
the  Ceratite  and  Productus-limestone  groups  are  again  exposed  in  force  in  the 
Khasor  ridge,  with  very  much  the  same  characters  as  in  the  western  portion  of 
the  Salt-range  proper. 

The  Jurassic  series  becomes  more  developed  to  the  west  of  the  Indus,  and  a 
well-defined  distinction  takes  place  between  an  upper  calcareous  marine  zone 
and  a  lower  one  of  sandy  argillaceous  deposits  with  plant-remains.  Mr.  Wynne 
calls  attention  to  the  contrast  presented  in  this  respect  by  the  Jurassic  series 
here  and  in  Rajputana^  where  the  terrestrial  (Grondwina)  characters  occur  in 
the  lower  division,  below  the  marine  limestones,  and  the  series  as  seen  in  Cutch, 
where  these  characters  are  found  in  the  upper  beds  (the  Umia  zone)  above 
the  purely  marine  deposits. 
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A  cretaceous  zone  seems  to  be  the  least  defined  of  any  in  the  trans-Indus 
series :  while  the  original  representative  of  a  neocomian  band  is  described  as  in- 
separable from  the  Jurassic  deposits,  an  overlying  sandstone  of  the  Chich41i 
section,  at  first  conjectured  to  be  possibly  cretaceous,  is  described  as  apparently 
representative  of  a  rock  elsewhere  shown  to  be  post-eocene.  The  treatment 
of  this  horizon  of  the  sections,  the  base  of  the  tertiary  series,  is  perhaps  the 
least  conclusive  part  of  Mr.  Wynne's  work.  Altogether  his  memoir  will  in  this 
respect  prove  highly  suggestive  to  future  explorers. 

By  his  trip  through  the  very  unfrequented  ground  between  Kohit  and 
Thai,  of  which  an  account  is  published  in  the  Records  for  the  year,  Mr.  Wynne 
was  able  to  complete  an  unfinished  border  of  the  map  and  description  previ- 
ously given  (Records,  1877)  of  a  large  area  of  the  north-west  Punjab. 

In  the  introductory  sketch  to  his  description  of  the  Salt-range  fossils,  in  the 
Sait  RiNaB :  Paleeontologia   Indica,  Ser.  XIII,  fasc.  1,    Dr.   Waagen 

Dr,  Waagtn,  proposes  a  very  important  change  in  the  grouping  of  the 

lower  deposits  of  that  area.  Since  the  discovery  of  an  Ohohis,  by  Mr.  Wynne, 
in  one  of  the  local  groups  of  the  series,  represented  as  separated  from  the  over- 
lying Productus-limestone  by  two  intervening  groups  in  which  no  fossils  had 
been  found,  although  all  do  not  occur  together  in  any  one  section,  it  had  been  re- 
ceived as  probable  or  possible  that  the  Salt-range  might  contain  a  more  or  less 
partial  representation  of  the  palaeozoic  series,  between  the  silurian,  as  represented 
by  the  Obolits  beds,  and  the  carboniferous  represented  by  the  Productus-lime- 
stone. Dr.  Waagen  now  proposes  to  place  all  the  four  groups  in  one  connected 
series,  which  he  calls  the  Productus-limestone  series.  Such  an  arrangement 
would,  of  course,  be  impossible  under  any  literal  sense  of  the  terms  silurian  and 
carboniferous,  as  previously  applied  to  the  separate  groups.  It  is  easy  to  imagine 
how  the  Oholus  may  be  disposed  of ;  Dr.  Waagen's  description  of  the  fossils  has 
not  yet  got  so  far ;  but  he  has  not  failed  to  indicate  (I.  c,  pp.  7  and  8)  that  he 
considers  the  deposits  to  be  in  succession  laterally  transitional  and  vertically  asso- 
ciated so  as  to  be  inseparable. 

Dr.  Waagen  has  contributed  to  the  November  number  of  the  Records  an  inter- 
esting suggestion  regarding  the  older  rocks  of  the  Hazara  region.  It  is  based  upon 
some  fossils  sent  to  him  by  the  Geological  Society  of  London  for  description  in 
connexion  with  the  Salt-range  fossils.  Among  them  were  some  in  a  black  slate ; 
they  were  labelled  '  Punjab ' ;  and  there  is  some  presumption  that  they  may 
have  come  from  the  Attock  slate  group,  which  has  as  yet  yielded  no  fossils  to  our 
search,  but  which  has  been  provisionally  ranked  as  silurian,  partly  from  an 
equally  uncertain  conjecture  (aee  Manual,  p.  500,  note)  regarding  some  fossils 
found  beyond  Peshawar.  Dr.  Waagen's  fossils  are  of  a  well  marked  carbonifer- 
ous type,  and  he  points  out  that  this  age  for  the  Attock  slates  would  at  least  help 
to  clear  up  some  very  puzzling  features  in  the  geology  of  Hazara. 

Mr.  Lydekker  explored  a  large  area  of  Ladak  to  the  east  of  his  previous 

JjadLk  :  observations,  and  several  points  of  interest  have  been  de- 

Mr.  Lydekker.  termined.     The  gneiss  of  the  Ladak  axis,  or  Kailas  range 

as  Mr.  Lydekker  now  calls  it  (in  the  Manual  local  names  were  preferred  until  we 

should  know  more  about  what  we  were  discussing),  was  understood  from  Dr. 
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Stoliczka*8  description  to  be  chiefly,  if  not  altogether,  formed  of  altered  palaBozoic 
rocks.  Mr.  Lydekker  now  shows  that  the  gneissio  silnrians  only  occur  locally 
and  that  the  principal  mass  must  correspond  to  the  *  central  *  gneiss  (or  Cambrian 
gneiss  of  Mr.  Lydekker's  previous  papers,  the  identity  of  which  with  the  *  central ' 
gneiss  may  perhaps  be  doubted) .  The  conformity  and  transition  from  one  to  the 
other  is  everywhere  apparent.  The  metamorphics  of  Rupshu  are,  however,  all 
represented  as  converted  Silurians.  Thus  we  should  still  have  to  find  the  gneiss 
that  yielded  the  blocks  in  the  silurian  slates  of  Pangi,  and  to  explain  the  sharp 
unconformity  of  upper  silurian  strata  on  granite  and  gneiss  in  Hangrang.  (He- 
cords,  XII,  61.) 

A  special  interest  has  been  noted  (Manual,  p.  643)  as  attaching  to  the  great 
trough   of  tertiary  rocks   found   along  the  course  of  the  Indus  at  the  southern 
base  of  the  gneissic  range  in  Ladak,  and  crossing  obliquely,  with  the  great  river, 
to  the  north  side  of  this  gneiss  at  a  point  south  of  the  Pangur  lake.    Mr.  Lydek- 
ker now   shows  from   good  sections  that  at  several  points  of  the  boundaries,  both 
with  the  oldest  gneiss  on  the  north  and   with  the   carboniferous   rocks  on  the 
south,  the  natural  original  junction  is  exposed  ;  and  this  is  quite  enough  to  rule 
the  case,  though  at  other  points  slipping  may  have  been  superadded.   In  several 
instances  the  bottom  conglomerates  of  this  eocene  formation  were  even  observed 
to  show  a  relation  of  distribution  with   reference  to  the   actual  gorges  of  the 
gneissic  range.     We   may  thus  henceforth   dismiss  from   our  speculations  any 
thought  of  a  former  direct  connexion  of  these  central  Himalayan  eocenes  with 
those  at  the  base  of  the  mountains  in  India,  although  the  similarity  of  the  deposits 
is  BO  striking.     Supposing  that  the  formations   of  the   Zanskar  and  Kdrakoram 
basins   were  once   continuous   across  the  position  of  the  Laddk  axis,  it  would 
thus  also  be  proven  that  a  pre-eocene  Himalayan  elevation  took  place  equal   at 
least  to  the  total  thickness  of  the  present  sedimentary  series  from  the  base  of  the 
old  gneiss  to  the  top  of  the  cretaceous ;  for  only  the  unaltered  portion  of  that 
series  this  would   amount  to  16,000  feet,   according  to    Stoliczka's    estimate. 
What  the  actual  elevation  of  the  mountains  adjoining  the   eocene  gulph  may 
have  been  would,  of  course,  depend  on  how  far  erosion  had  kept  pace  with  eleva- 
tion.    The  time  required  for  such  an  erosion  must  be  very  great. 

Upon  the  very  interesting  question  of  the  amount  of  contortion  that  accom- 
panied that  great  pre-eocene  elevation,  Mr.  Lydekker  seems  to  be  slightly  at 
variance  with  his  facts,  or  at  least  his  particular  facts,  as  he  duly  observes,  do 
not  support  the  opinion  he  bases  upon  *more  general  observation.  He  considers 
that  the  contortion  of  the  older  rocks  took  place  in  great  part  before  that  of  the 
tertiaries,  because  the  former  exhibit  puckerings  and  crumplings  not  found  in 
the  latter ;  but  in  the  only  contact  section  given  that  is  not  one  of  original 
abutting  deposition,  in  the  inlier  at  Miru,  the  carboniferous  and  eocene  strata  are 
nearly  vertical  in  parallel  superposition,  so  the  older  must  have  been  flat  at  the 
time  of  deposition  of  the  newer.  It  is  certain  that  much  compression  and  some 
crumpling  must  have  attended  the  depression  of  the  great  sedimentary  series, 
when  its  lower  members  were  converted  into  gneiss ;  but  it  seems  to  me  still  an 
open  question  whether  the  great  contortions  which  we  now  look  upon  as  the 
special  Himalayan  disturbance,  may  not  be  post-eocene,  though,  of  course,  their 
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lines  were  determined  by  the  great  preceding  act  of  general  elevation.     (Sm 
Manual,  p.  634.^ 

Mr.  Ljdekker  observes  that  the  extensive  exhibition  of  irmptive  rocks  con- 
nected with  the  tertiary  series  is  not  continuous  throughout,  and  that  the 
masses  to  the  east  are  different  in  composition,  or  at  least  in  texture,  from  those 
at  the  north- western  end  of  the  basin.  This  latter  fact  maj  be  due  to  meta- 
morphism  accompanying  the  greater  compression  in  this  position,  and  which  has 
equally  affected  the  tertiary  deposits. 

Mr.  Griesbach  has  accomplished  a  very  successful  season's  work  in  the  higher 
NiTi :  Himalaya  of  Kumaun  and  Hundes.     Compared  to  Ladik 

Mr.  Orieshaeh,  this  is  a  happy  hunting  ground  for  the  geologist,  the  rocks 
being  well  stocked  with  fossils,  of  which  a  good  series  has  been  brought  in. 
Despite  the  distress  of  climate  and  great  elevations,  Mr.  Griesbach  has  succeeded 
in  mapping  the  snowy  range  between  the  Niti  and  Milam  passes.  .  He  is  still  en- 
gaged in  working  up  his  materials,  and  the  result  cannot  fail  to  be  most  interesting. 

Mr.  Blanford  was  engaged  at  office  during  the  whole  field  season,  at  first  for 
the  completion  of  the  Manual  and  afterwards  to  prepare  his  memoir  on  Western 
Sind,  which  had  been  postponed  for  some  time. 

Nothing  special  occurred  to  take  me  from  Calcutta,  and  unless  for  some  ur- 
gent duty  of  short  duration,  my  absence  would  not  be  compatible  with  the 
steady  progress  of  our  work. 

FvhUcationa.—'i&.v.  Wynne's  geology  of  the  Salt-rang^  was  at  last  issued 
early  in  the  year,  having  lain  some  fourteen  months  in  type  waiting  for  the 
colour-printing  of  the  map.  It  forms  itself  Vol.  XTV  of  the  Memoirs.  Mr. 
Foote's  memoir  (Vol.  XVI,  pt.  I.)  on  the  geology  of  the  eastern  coast  from 
latitude  15^  to  the  Kistna  was  issued  in  Aug^t.  Mr.  Blanford's  geology  of 
Western  Sind  was  issued  in  December,  forming  Vol.  XVII,  pt.  I,  of  the  Memoirs. 
When  the  work  admits  of  it,  memoirs  on  adjoining  areas,  or  relating  to  the  same 
geological  region,  are  brought  into  the  same  volume;  thus.  Vol.  XV  wiU  be 
completed  by  Mr.  Griesbach's  memoir  on  the  Ramkola  coal-fields,  now  in  the 
press:  Vol.  XVI  will  include  Mr.  King's  memoirs  on  the  east  coast  in  NeU 
lore  and  in  the  Godavari  district,  now  preparing  for  publication ;  and  Vol. 
XVII  will  be  completed  by  Mr.  Wynne's  geology  of  the  Salt-range  trans-Indua, 
now  at  press. 

The  Kecords  for  1879  contains  22  papers  of  various  interest,  with  11  maps 
and  plates.  Two  of  the  articles  are  by  contributors  not  attached  to  the  Survey : 
that  on  Hangrang  and  Spiti  by  Colonel  McMahon,  and  that  on  the  old  mines 
at  Joga  on  the  Narbada  by  Mr.  G.  T.  Nicholls  of  the  Civil  Service. 

Four  parts  of  the  Palceontologia  Indica  were  issued  during  1879:  one  by 
Dr.  Feistmantel  on  the  Flora  of  the  Gondwina  outliers  on  the  Madras  Coast 
(16  plates),  and  another  by  the  same  author  on  the  Flora  of  the  Talchir-Karhar- 
bari  beds  (27  plates)  ;  one  by  Mr.  Lydekker  on  the  Beptilia  and  Batrachia  of  the 
Indian  pretertiary  formations  (6  plates)  ;  and  the  first  part  of  the  Salt-range 
fossils  by  Dr.  Waagen  (6  plates) .  An  interruption  was  occasioned  in  the  publica- 
tion of  Dr.  Waagen's  work  by  his  receiving  in  the  middle  of  the  year  the  consider- 
able collection  of  fossils  made  in   the  preceding  field-season  by  Mr.  Wynne  in 
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the  traoa-Indiui  Salt*range.  These  had  to  be  cleaned  out  and  arranged  with  the 
previoQB  collections  before  the  work  of  description  could  proceed.  I  have  already 
received  plates  and  text  in  contintiation  of  the  work,  including  some  of  the 
specimens  sent  during  the  year. 

I  have  great  satisfaction  in  announcing  that  the  description  of  the  Sind  fossil 
corals  so  generously  undertaken  for  the  Palesontologia  Indica  by  Professor  Martin 
I>uncan,  F.B.S.,  is  very  nearly  completed.  This  is  the  fourth  instance  of  dis* 
tin^^uished  paleontologists  in  England  giving  valuable  assistance  to  the  Geological 
Survey  of  India  by  the  description  of  important  groups  of  fossils. 

I  took  an  early  opportunity,  in  the  annual  report  for  1877  (Records,  Vol.  XI, 
p.  12, 1878),  to  state  the  principle  of  liberty  and  distributed  responsibiliiy  under 
vrhich  I  proposed  to  conduct  the  publications  of  the  Geological  Survey,  and  to 
explain  how  the  conditions  of  our  work  in  this  country — ^the  great  distances  to  be 
accounted  for  and  the  peculiar  difficulties  of  locomotion — ^made  some  such  rule 
necessary  to  the  full  performance  of  our  duties  to  the  public.     The  evident  draw- 
liack  to  such  practice  is  the  publication  of  crude  work,  in  which  even  the  com- 
petent reader  (without  any  knowledge  of  the  ground)  can  perceive  that  more 
intelligent  observation  might  have  given  a  very  different  account  of  the  sections. 
Xo  obviate  this  objection,  the  only  alternative  would  be  to  withhold  work  from 
publication  until  it  could  be  revised  in  the  field  by  a  more  thorough  observer. 
XJnfortunately,  owing  to  the  great  scarcity  of  really  accomplished  observers,  and 
ixnder  the  circumstances  already  noted,  this  would  mean  a  quite  indefinite  post- 
ponement»  and  a  stoppage  of  other  work.     Such  had  formerly  been  the  practice  : 
in  view  of  further  corrections  the  description  of  the   Bdjmahdl  hills  had  been 
^w^ithheld  for  fifteen  years,  and  is  at  last  in   quite  an  unimportant  degree  better 
Uian  it  would  have  been  at  the  first ;   and  this  is   by  no  means  an  isolated  case. 
Kow,  our  principal  duty  is  to  the  greater  public,   to  furnish  an  intelligible  map 
and  description  of  areas  hitherto  geologically  blank ;  and  our  least  finished  work 
does  that^  however  imperfectly.     The  claim  of  the  very  select  public  of  competent 
^reologists — that  all  our  work  should  be  up  to  the  best  standard  of  the  day — 
18  incompatible  with  that  prior  claim,  and  with  the  conditions  of  the  situation, 
subjective,  and  objective.     The  points   where  we  fail  in  this  respect  do  not  much 
affect  the  value  of  the  work  as  a  guide  to  the  ground.   Of  course  every  advice  and 
suggestion  is  given  in  each  case,  so  far  as  can  be  made  from  careful  perusal  of  the 
^work  in  manuscript,  but  the  least  intelligent  workman  is  often  the  last  to  take 
advice,  and  the  compelling  reasons  are  mostly  such  as  could  only  be  worked  out  on 
tlie  ground.     I  see  no  compromise  but  the  one  I  adopted,  and  to  which  I  adhere. 
The  risk   it  obviously  implies — the  exposure  of  faulty  work — falls  upon  our  own 
lieads.     The  minor  evils  it  involves  are  no  greater  than  those  it  removes,  and  the 
smart  of  public  criticism  is  more  wholesome  than  the  heart-burning  of  official 
suppression.     Correction  is,  however,  seldom  more  convincing  than  advice,   and 
in  the  endeavour  to  avoid  it  over-sensitive  or  under-ballasted  writers  even  run  into 
a  worse  predicament  than  that  they  would  escape  from.     Thus  the  ball  is  kept 
mp ;  the  question  of  official  suppression  comes  round  again ;  as  it  is  impossible 
that  our  publications  can  be  made  the  vehicle  of  querulous  rejoinders.     Appeal  is 
then  made  to  non-official  censors.     Kindly  editors  of  independent  journals,  quite 
ignorant  of  the  merits  of  the  case,  and  too  busy  to  examine  it  very  critically,  act 
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upon  the  too  plausible  assumption  that  an  eager  protest  against  superior  authority 
is  probably  well  founded,  and  so  they  publish  communications  which  their  better 
judgment  might  lead  them  to  decline,  if  only  for  the  sake  of  the  writer  himself* 
I  regret  that  an  illustration  of  this  difficulty  has  occurred  during  the  past  year. 

Museum. — The  various  collections  are  in  good  working  order.  Two  small  popu- 
lar g^de  books  were  prepared ;  one  by  Mr.  Lydekker  for  our  fine  series  of  tertiary 
vertebrates,  and  one  by  Mr.  Mallet  for  the  minerals ;  they  are  sold  for  mere  cost 
price  at  the  door,  and  have  met  with  some  demand.  Mr.  Fedden  is  now  engaged 
in  rearranging  the  meteorites,  amalgamating  the  Asiatic  Society's  specimens  with 
the  larger  collection  made  by  the  Survey.  Mr.  Theobald  has  prepared  a  brief  ac- 
count of  meteoric  phenomena  to  be  prefixed  as  a  popular  guide  to  the  new  catalogue. 

Several  small  collections  of  rocks,  minerals,  and  fossils  have  been  forwarded  to 
local  Museums  and  Colleges. 

Library. — The  number  of  volumes  and  parts  of  volumes  registered  as  received 
during  1879  was  1,283  ;  being  604  by  presentation,  and  679  by  purchase.  Ar- 
rangements are  in  progress  for  the  printing  of  the  catalogue. 

Personnel. — Mr.  Ball  was  absent  on  furlough  for  the  whole  year.  Mr.  Foote 
left  for  two  years'  furlough  on  the  13th  May.  Mr.  Mallet  took  15  months'  leave, 
on  medical  certificate,  on  25th  July.  Mr.  Blanford  took  15  months'  furlough  from 
23rd  August.  Mr.  Hughes  returned  from  furlough  on  the  15th  October,  and 
has  taken  up  work  in  the  South  Bewah  G-ondw^na  basin  on  the  west,  from  Katm. 

I  was  absent  on  privilege  leave  from  26th  July  to  25th  October. 

Mr.  Richard  D.  Oldham  was  appointed  by  the  Secretary  of  State  as  an 
Assistant  in  the  Survey,  and  joined  his  post  on  the  17th  of  December.  He  has 
taken  up  work  with  Mr.  King  in  the  Q-odavari  valley.  In  addition  to  the 
high  proficiency  in  geological  studies  evinced  by  Mr.  Oldham  at  college  and 
afterwards  by  independent  work,  we  have  the  pleasure  to  welcome  him  aa  the  son 
of  the  founder  of  our  Survey  and  its  successful  director  for  a  period  of  25  years. 
Apprentices  Kishen  Singh  and  Hira  Lall  having  served  their  five  years  of 
probation  with  sufficient  credit,  and  having  acquired  a  serviceable  knowledge 
of  rocks  and  minerals,  they  received,  on  my  recommendation,  permanent  promo- 
tion as  Bub^assistants.  They  have  been  in  turn  usefully  employed  in  the  Office 
and  Museum  in  the  place  of  the  late  Assistant  Curator,  and  this  post  has  been  in 
consequence  dispensed  vnth.  In  turns  they  take  the  field  vnth  one  or  other  of 
ihe  geologists.  It  is  still,  however,  very  doubtful  if  they  can  ever  prove  compe- 
tent for  independent  field-work.  Geologist's  work  may  not  demand  high  mental 
.powers,  but  it  inevitably  requires  some  originality  of  thought  in  dealing  with 
observation  and  induction,  that  peculiarly  modem  turn  of  mind  to  which  we 
owe  the  present  development  of  natural  science,  the  very  quality  which  more 
than  any  o{Ker  makes  the  western  man  different  from  the  eastern.  There  is 
little  or  no  gradation  of  work  in  geological  surveying :  to  observe  and  interpret 
is  required  from  the  beginning ;  and  the  observation  does  not  consist  in  measure- 
ments, or  any  kind  of  manual  performance,  but  virtually  to  put  a  life  into  stones, 
and  to  trace  the  history  of  that  life.  Unless  this  is  done  with  some  approach 
to  the  standard  of  modem  knowledge  the  work  is  not  worth  paying  for. 

Calcutta,         \  H.  B.  MEDLICOTT, 
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List  of  Socielies  and  other  Instiivtunis  from  which  publications  have  been  received  in 
donationor  exchange  for  the  Library  of  the  Geological  Survey   of  India  during 

the  year  1879. 

Batayia. — ^Batavian  Society  of  Arts  and  Sciences, 
Belfast. — Natural  History  and  Philosophical  Society. 
Berlin. — German  Geological  Society. 

„  Royal  Prussian  Academy  of  Sciences. 

Bombay.— Bombay  Branch  of  the  Royal  Asiatic  Society. 
Brbslau. — Silesian  Society  of  Natural  History. 
Bristol, — ^Naturalists*  Society. 
Brussels. — Geographical  Society  of  Belgium. 
Geological  Society  of  Belgium. 
Royal  Academy  of  Belgium. 
Calcutta. — Agricultural  and  Horticultural  Society. 
Asiatic  Society  of  Bengal. 
Meteorological  Survey. 
Trustees,  Indian  Museum. 
Cambridge,  Mass. — ^Museum  of  Comparative  Zoology. 
Cape  Town. — ^Ministerial  Department. 
Christiana. — ^University  of  Christiana 
Copenhagen. — ^Boyal  Danish  Academy. 
Dresden. — ^The  Isis  Society. 
Dublin. — ^Royal  Geological  Society  of  Ireland. 
„  Royal  Irish  Academy. 

Edinburgh. — ^Royal  Scottish  Society  of  Arts. 
„  Royal  Society. 

Geneva, — Physical  and  Natural  History  Society. 
Glasgow. — Glasgow  University. 
Lausanne. — ^Vandois  Society  of  Natural  Science. 
Liverpool. — Geological  Society  of  Liverpool. 

Literary  and  Philosophical  Society. 
London. — British  Museum. 

Geological  Society. 
Iron  and  Steel  Institute. 
Linnean  Society. 
Museum  of  Practical  Geology. 
Royal  Asiatic  Society. 
Royal  Geographical  Society. 
Royal  Institution  of  Greal  Britain. 
Royal  Society. 
Society  of  Arts. 
Zoological  Society. 
(Lyons. — ^Museum  of  Natural  History. 
Madrid. — Geographical  Society  of  Madrid. 
Manchester. — Geological  Society. 
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Mkl BOURNE. — ^Mining  Department,  Victoria. 
„  Royal  Society  of  Victoria. 

Moscow. — Imperial  Academy  of  Naturalists. 
Munich. — Royal  Bavarian  Academy  of  Sciences. 
Neuchatel. — Society  of  Natural  Sciences. 
New  Haven. — Connecticut  Academy  of  Arts  and  Sciences. 
„  Editors  of  the  American  Journal  of  Science. 

Paris. — Geological  Society  of  Prance. 
„         Mining  Department. 
Philadelphia.— Academy  of  Natural  Sciences. 
„  American  Philosophical  Society. 

„  Franklin  Institute. 

Pisa. — Society  of  Natural  Science,  Tuscany. 
Rome. — Geological  Commission  of  Italy. 
„         Royal  Academy. 
Roorebe. — Thomason  College  of  Civil  Engineering. 
Salem,  Mass. — American  Association  for  the  Advancement  of  Science. 
SiNOAFOBB. — Straits  Branch  of  the  Royal  Asiatic  Society. 
Stockholm. — Geological  Survey  of  Sweden. 
St.  Pbtersburo. — Imperial  Academy  of  Sciences. 

Sydney. — Royal  Society  of  New  South  Wales. 
Tasmania. — Royal  Society. 
Toronto. — Canadian  Institute. 

TuKiN. — Royal  Academy  of  Sciences. 
Vienna. — Imperial  Academy  of  Sciences. 
„  Imperial  Geological  Institute. 

Washington. — Department  of  Agriculture,  U.  S.  A. 

Department  of  the  Interior. 
Smithsonian  Institute. 

United  States  Geological  and  Geographical  Survey. 
IT.  S.  Geological  Exploration  of  the  40th  ParaUel. 
Geological  Survey  of  New  Zealand. 
New  Zealand  Institute. 
Yokohama. — Asiatic  Society  of  Japan. 
„  German  Naturalists'  Society. 

Governments  of  Bengal,  Madras,  North- West  Provinces,  and  the  Punjah ;  Chief 
Commissioners  of  Assam,  British  Burmah,  Central  Provinces,  and  Mysore') 
Superintendents  of  the  Marine  and  Great  Trigonometrical  Surveys ;  India  Offi(^» 
London ;  Foreign,  and  Home^  Revenue  and  Agriculture  Departments ;  and  tb0 
Resident,  Hyderabad. 
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Additional  notes  on  the  Geology  of  the  Uppee  Godavari  basin  in  the 
NEIGHBOURHOOD  OP  SiRONCHA,  by  WiLLiAM  KiNG,  B.A.,  Deputy  Sup&i-irUend- 
erUy  Oeological  Survey  of  India.^ 

The  last  paper  *  written  on  the  geology  of  this  region  by  my  colleague 
Mr.  T.  W.  H.  Hughes,  the  reaultj  as  it  was,  of  later  and  more  extended  surveys, 
placed  the  relations  of  the  Gondwina  strata  of  this  part  of  the  Godavari  and 
Pranhita  area  in  so  different  a  light  in  some  respects  to  what  I  had  anticipated 
in  my  paper'  of  the  previous  year  that  it  became  necessary  to  revisit  the  ground 
over  which  I  had  already  made  a  cursory  tour  with  Mr.  Hughes. 

The  result  has  been  to  a  certain  extent  satisfactory :  a  more  detailed  survey 
of  the  rocks  has  been  effected,  and  some  clearer  insight  obtained  of  the  rela- 
tions of  the  different  groups  of  strata ;  but  little  additional  evidence  has  been 
secured  as  to  the  conditions  of  the  horizon  between  the  upper  and  lower  divi 
sions  of  the  Gondwdna  system  than  what  we  have  ever  had  in  this  at  first 
very  promising  region  for  the  solution  of  that  problem.  There  is  no  doubt,  how- 
ever, that  we  have  here  near  Sironcha  two  great  divisions  of  the  Gondwinas, 
namely,  the  Kimthis  and  an  upper  series  which  we  have  gradually,  through 
Mr.  Hughes'  researches,  come  to  class  as  the  Kota-Maleris,  though  I  was 
myself  inclined  at  first  to  introduce  an  intermediate  group,  the  Sironcha  sand- 
stones, considering  it  representative  of  my  Golapilli  sandstones  in  the  lower 
Godavari  districts. 

The  main  question,  and  that  on  which  nearly  all  the  others  hang,  is,  as  to 
whether  the  sandstones  of  Sironcha  town  are  really  of  the  upper  or  lower 
Gondwinas  ;  but  unfortunately,  after  all  my  endeavours,  I  have  not  been  able  to 
find  fossils  or  sections  which  shall  absolutely  settle  this  point,  though  there  is 
plenty  of  negative  evidence  on  both  sides  of  the  question.  I  should  naturally 
try  to  employ  this  negative  evidence  in  favor  of  my  own  original  view  of  their 
relations,  but  the  balance  of  evidence  given  by  Mr.  Hughes  seems,  on  the  whole, 
to  be  more  in  favor  of  a  lower  Gondwana  age  for  these  beds. 

The  late  Superintendent  (Dr.  Oldham)  and  Mr.  W.  T.  Blanford  are,  besides 
myself,  the  only  members  of  the  Survey  who  have  examined  these  puzzling  beds, 
andBknford  had  already  inferred  that  they  are  Kdmthis.  His  opinion  had 
naturally  great  weight  with  me ;  but  knowing  that  he  had  not  spent  much  time 
over  tiiat  locaHty,  and  that  I  had  already  been  able  to  eUminate  the  upper 
Gandwanas  from  his  general  area  of  Kamthis  at  EUore  in  the  lower  Godavari 
district,  while  I  had  up  here  the  remarkable  section  at  Kaloswar,  the  new  facies 
of  the  rocks  themselves,  and  the  find  of  plant  remains  at  Andram,  I  was  led  to 
snrmise  that  there  were  representatives  here  also  of  the  lower  Godavari  rocks. 
Hnffhes'  paper  threw  considerable  doubt  over  this  suggested  correlation,  but  his 

«  The  detcriptioM  in  thia  paper  can  in  great  part  be  followed  with  the  aid  of  the  small  map 
annexed  to  Mr.  Hughes*  paper  in  Vol.  XI.  Part  1.  of  the  Records.  A  map  of  the  completed 
.arroy  wiU  he  published  with  Mr.  King's  full  description  in  the  Memoirs. 

a  Records,  Vol.  XI,  Part  1,  1878. 

>  Records,  Vol.  X,  Part  8, 1877. 
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boundary  between  the  upper  and  lower  Oondwdnas  did  not  satisfy  me.  I  was 
again  extremely  puzzled  by  fresh  features  in  the  rocks  at  Kaleswar,  and  I  find 
that  the  Aravi-Somnapali  sandstones  underlying  the  Angrezpali  outlier  of  red 
clays  are  remarkably  like  those  of  Sironcha. 

However,  on  carefully  revising  my  last  season's  work,  I  really  see  no  other 
way  to  a  solution  of  the  question  than  to  yield  the  point  that  these  sandstones  of 
Sironcha  town  must  be  of  lower  Gondwana  age,  if  not  upper  E[amthis»  then 
possibly  an  independent  group. 

The  Sandstones  of  Sironcha. 

For  convenience  of  discussion,  it  wiU  be  as  well  to  write  of  these  still  as 
Sironcha  sandstones.  I  have  been  led  in  great  part,  over  and  outside  of  the 
arguments  put  forward  by  Mr.  Hughes,  to  look  on  these  beds  as  of  lower  Q-ond- 
w4na  age,  through  having  found  fossils  (decided  by  Dr.  Feistmantel  tcr  be 
preferably  of  Kamthi  age)  in  rocks  of  Hughes'  ground  on  the  Wardha  which 
from  their  lithological  characters  I  had  at  once  assumed  as  representatives  of  the 
Sironchas.  This  was  near  Porsa,  and  on  a  horizon  corresponding  to  that  of 
the  Aravi-Somnapali  sandstones. 

I  have  unfortunately,  with  all  my  search,  not  been  able  to  find  any  recogni- 
zable fossils  at  Sironcha,  though  there  are  some  fragments  of  stalks  on  red 
shales  bearing  a  faint  resemblance  to  others  in  the  Andram  beds.  It  likewise 
appears  from  the  following  note '  of  the  Bev.  Mr.  Hislop  that  fossils  of  lower 
Gondwina  age  were  once  found  at  Sironcha.  '*  In  the  sandstone  at  Sironcha, 
6  miles  further  down  the  river  Pranhita,  there  is  an  abundance  of  compressed 
stems  identical  with  those  at  Silew^da :  so  that  there  can  be  no  doubt  that 
the  argillaceous  sandstone  there  is  of  the  Damuda  group.  This  sandstone  of 
Sironcha  is  stated  by  Mr.  Wall  to  underlie  almost  immediately  the  Kota  lime- 
stone." 

Looking  on  the  '  Sironchas '  as  of  lower  Gondwina  age,  I  can  then  place 
the  boundary  between  them  and  the  Kota-Maleris  more  definitely  than  was 
attempted  by  Hughes :  in  fact  it  must  run  very  much  where  I  always  drew  the 
line  between  the  Sironcha  sandstones  and  the  Maleri  clays,  or  rather  the  Kotas, 
for  the  remarkable  feature  about  the  Sironcha  sandstones  is  that  they  (unlike 
the  other  Kamthi  or  lower  Gondwdna  outcrops  to  the  north-west  of  Sironcha) 
are  not  overlaid  by  Maleri  clays,  but  by  Kota  limestones. 

From  (and  including)  Sironcha  town  to  the  Godavari  river  opposite  Kaleswar 
there  is  a  tolerably  continuous  outcrop  of  sandstones  in  the  left  bank  of  the 
Pranhita,  in  which  there  is  not  a  break  allowing  of  such  a  boundary  as  that 
suggested  by  Hughes  in  his  map  being  continued  to  the  Sironcha  side  of  the 
river.  The  Sironchas  must  be  considered  as  at  least  extending  from  the  north- 
east suburb  of  the  town  to  Nagrum  opposite  Elaleswar.  If  ever  it  become  neces- 
sary to  distinguish  the  Sironchas  as  upper  Kimthis  or  as  an  independent 
group,  then  their  lower  boundary  must  be  drawn  at  Kaleswar,  though  not  at 
the  section  on  which  Hughes  and  I  ultimately  agreed  that  there  was  only  a 
resemblance  of  unconformity. 

1  Pro.  Gcol.  Soc,  London,  20th  November  1861,  Vol.  XVIII,  p.  36. 
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I  have  been  able  this  year  to  trace  decisivelj  the  beds  of  Sironcha  town 
across  the  Pranhita  into  the  rising  ground  culminating  in  the  hill-station  above 
Aijunguta.  We  had,  I  think,  always  supposed  this  to  be  the  case,  and  the  hill- 
station  beds  had  ever  seemed  to  me  of  a  true  Kdmthi  facies,  while  the  ascer- 
tained continuity  of  strata  so  far  carries  these  beds  nearer  to  the  Andram  strata 
with  their  upper  Gondwdna  plant  remains.  The  hill-station  beds  are  brown  and 
ferruginous  with  a  decided  Kdmthi  look,  and  are  in  part  very  hard  and  vitreous, 
having  thus  a  much  older  appearance  than  the  Sironchas ;  however,  I  actually 
found  unnustakeable  Sironcha  beds  merging  into  these  hard  vitreous  beds ;  and 
80  there  is  no  doubt  at  aU,  in  my  mind,  that  the  Arjunguta  bed  and  those  of 
Sironcha  are  the  same ;  while  the  former  have  the  Kamthi  &.cies.  The  Arjun- 
guta hill-station  is  at  the  west-south-west  end  of  a  line  of  faults  which  may  be 
said  to  limit  in  part  the  north-westerly  extension  of  the  Sironcha  strata,  these 
being  also  cut  ofE  to  the  south-east,  after  a  length  of  some  15  miles,  by  another 
more  or  less  east-and-west  fault  near  Ardium  on  the  left  bank  of  the  Godavari. 

To  the  north  of  the  Arjunguta  hill-station  are  the  oft-noted  An&ram  beds 
which  yielded  the  plant  remains  Palissya  conferta  and  Chirol&pis  miinsteriy  and 
which  I  had  concluded  were  overlying  the  Sironcha  beds  in  natural  sequence. 
The  sections  and  exposures  of  rock  in  this  part  of  the  country  are  not  continu- 
ous, as  they  are  covered  up  in  the  most  disappointing  way  by  alluvium,  and 
there  is  the  fault  just  mentioned ;  still  a  certain  connexion  of  the  Sironcha  beds 
with  others  in  the  Kota-Maleri  field  is  apparent,  which  will  always,  until  fossil 
evidence  be  found,  cast  a  shadow  of  doubt  over  the  grouping  and  mapping  of 
this  series. 

As  it  happens,  the  Andram  beds  are  not  traceable  in  the  Arjunguta  outcrop, 
but  they  may  be  followed  down  by  the  right  bank  of  the  Pranhita  to  a  point 
eastz-north-east  of  the  hill-station,  where  the  outcrop  ceases  suddenly,  there  being 
nothing  hence  for  a  mile  or  so  but  the  high  alluvial  bank  of  the  river,  which 
bays  inland  for  some  distance,  lapping  round  the  slopes  of  the  Arjunguta  high 
ground.  Not  only  is  there  this  abrupt  ending  of  the  strata,  but,  after  pur- 
suing aireven  course  with  a  lie  of  20**  to  30**  to  the  east-north-east,  they  suddenly 
show  signs  of  a  sharp  bend  to  the  south-south-east,  with  rough  slickensides  and 
much  silicious  and  ferrnginous  infiltration.  Nearly  all  safe  signs  of  lamina- 
tion and  bedding  are  obliterated  in  the  strong  silicious  infiltrations  which  strike 
irregularly  in  a  general  east-north-east  to  west-south-west  run  and  nearly  vertical 
dip.  From  this  point  to  the  hill-station  there  is  a  decided  hard  wall  or  ridge  of 
beds  much  impregnated  with  silicious  and  ferruginous  matter  in  the  same  irre- 
gular strips  and  seams ;  An4ram  pebble  beds,  purple  shales,  clays,  and  sands 
forming  this  wall  and  lying  to  the  north  of  it. 

An  important  feature  about  the  Andr Jtm  locality  is,  that  in  going  west-south- 
west from  the  village,  one  passes  over  softish  red  lilac  and  buff  sands,  pebble  beds, 
shales,  clays,  Ac.,  having  a  tolerably  regular  north-east  lie  ;  but  after  about  half 
a  mile  the  beds  become  troubled,  rather  flaggy,  hard,  and  more  and  more  ferrugi- 
nous, when  it  becomes  gradually  apparent  that  one  must  now  be  on  Kdmthis. 
Such  a  succession,  in  descending  order,  may  be  found  up  any  of  the  nalas 
to  the  north-west  of  Andram  as  far  as  Yedlabundun;  and  thus  there  seems 
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little  doubt  that  the  Anlirani  strata  are  overlying  Kamthis^  which,  though  this 
is  partially  concealed  and  interrupted  by  the  &ult,  are  apparently  continued 
in  the  Arjunguta  hill  and  at  Sironcha.  No  red  Maleri  clays  come  in  between 
the  Anaram  strata  and  the  K&mthis  of  Linganapeta,  but  true  red  days  occur 
near  Isnai,  some  5  or  6  miles  west-north-west,  serially  at  a  much  lower  hori- 
Eon  than  the  Aniram  beds. 

At  Yedlabundun  everything  is  ooyered  up  for  some  miles  along  the  valley  of 
the  tributary  stream,  so  that  neither  the  Andram  nor  the  Linganapeta  beds  are 
traceable  with  any  certainty  to  the  north-west,  though  the  Andlram  beds  seem  to 
be  continued  in  the  sandstone  belt  underlying  the  great  zone  of  limestones 
striking  away  to  Mulkalapeta,  which,  as  will  be  seen  further  on,  I  take  to  be  tiie 
same  as  the  Kota  band. 

Thus  far,  the  points  gained  or  advanced  in  this  enquiry  are — 

Firstf  that  my  so-called  Sironcha  sandstones  are  of  lower  Oondw&na  age  and 
probably  belong  to  the  Kdmthi  group.  They  are  extremely  like  those  of  Aravi- 
Somnapali,  which  are  on  a  horizon  corresponding  to  that  of  the  beds  near  Porsaj 
which  Mr.  Hughes  had  already  determined  as  El^mthis,  a  conclusion  verified  by 
the  fossils  I  afterwards  found  in  them. 

Secondf  that  the  Anaram  plant  shales  are  locally  bottom  beds  resting  on 
K&mthis,  and  lower  in  the  Kota-Maleri  group  than  the  Kota  zone  of  limestones. 

The  Kota-Malebi  Group. 

The  most  definite  and  recognizable  strata  in  the  Kota-Maleri  series  are  the 
limestone  bands.  Hitherto,  we  have  been  under  the  impression  that  there  might 
be  only  one  of  these,  that  of  Kota  itself,  of  which  the  outcrop  at  Itial  (on  the 
Jangaon  river)  was  a  portion.  I  have,  this  season,  been  at  the  trouble  of  look, 
iixg  up  aU  the  outcrops  of  these  rocks,  and  there  is  now  no  doubt  at  all  that 
there  are  at  least  three  bands  or  zones ;  still  the  evidence  is  not  quite  clear  a^ 
to  the  course  of  the  Kota  outcrop,  that  is,  it  is  not  continuous  over  the  most 
important  parts  of  the  field.  Indeed,  the  whole  limestone  sub-division,  or  what 
I  have  previously  called  the  Kota  group,  is  so  much  broken  and  interrupted  near 
Sironcha  that  it  will  perhaps  be  better  to  treat  of  it  separately,  as  it  occurs  in  two 
areas,  to  the  north-west  and  to  the  south-east  of  that  town. 

The  Pranhita  area . 

The  Kota  Ba/nd  (No.  2) . — To  the  north-west  of  Sironcha  there  are,  first  of  all, 
the  historic  beds  of  Kota,  a  mere  isolated  outcrop  in  the  left  bank  of  the  Pran- 
hita. It  is  to  all  appearance  the  same  band  as  that  of  Tondala  to  the  east  of 
Sironcha,  and  it  appears  again  to  the  north-west  as  the  great  band,  with  similar 
fish  scales,  at  Katapur,  whence  it  stretches  away  up  to  near  the  bank  of  th« 
Jangaon  river  at  Parwatipet.  The  line  of  the  Arjunguta  fault  may  strike 
across  between  the  Kota  and  Tondala  outcrops,  so  that  it  is  possible  they  maj 
not  be  of  the  same  band,  though  I  think  they  are,  being  merely  stopped  for  a 
short  distance,  but  there  seems  no  reason  to  doubt  that  the  Kota  and  Katapur 
outcrops  are  of  one  and  the  same  band. 
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The  BagarcuU  Band  {No.  3). — Towards  the  Jangaon  river  and  about  a  niile 
and  half  eastward  of  Parwatipet  are  some  further  exposures  of  limestooe  in  a 
still  higher  band,  the  highest  in  fact  that  we  know  of,  but  I  was  not  able  to  detect 
it  to  the  south-east^  except^  apparently,  spot  between  Waddaguram  and 

Somtum  on  the  right  bank  of  the  Pranhita.  This  band  may  also  possibly  give 
a  doubtful  outcrop,  noticed  last  year,  as  lying  below  the  Ghikiala  scarps  north  of 
Sironcha.     No  fossils  have  been  seen  in  this  outcrop. 

The  Metapali  Band  {No.  1). — This  occurs  about  2  miles  or  less  to  the  west 
of  that  of  Parwatipet,  and  is  thus  lower  in  the  series  than  the  Kota  band.  It  is 
strongest  about  Metapali,  being  there  about  a  mile  in  width,  with  a  very  low  dip, 
and  thence  it  is  traceable  for  a  long  distance  to  the  south-east  past  Surarum, 
Eatapali,  and  Busnai,  and  for  5  or  6  miles  further  in  that  direction.  To  the 
north-west  I  could  not  follow  it  satisfactorily,  but  it  appears  to  run  straight  for 
Bibra,  a  short  distance  north  of  which  are  some  outcrops  of  hard  dark-colored 
limestones.  So  far  this  band  has  failed  to  yield  any  fossils.  The  lie  of  the  beds 
is,  however,  so  very  low,  often  nearly  flat,  at  its  north-east  end,  that  I  am  almost 
inclined  to  think  that  this  band  may  be  represented  in  the  Itial  outcrop  lying 
much  more  to  the  west-north-west. 

The  limestones  of  Itial  form,  to  all  appearance,  a  completely  isolated  outlier 
of  nearly  flat  or  flat-rolling  beds  resting  on  red  clays  associated  with  a  thick 
series  of  sandstones,  which  in  their  turn  overlie  the  proper  reptilian  red  clays  of 
Maleri.  They  are  thus  for  this  part  of  the  country  the  lowest  true  limestone 
band  in  the  Kota-Maleri  group,  and  certainly  in  this  way  they  correspond  to 
the  Metapcdi  band,  which  for  its  known  length  is  also  the  lowest  band,  resting  also 
on  a  sandstone  belt  overlying  the  reptilian  clays.  The  Itial  beds  are  fossiliferous, 
with  lepidotus  scales. 

Between  the  thin  limestone  beds,  and  above  and  below  them,  are  great 
thicknesses  of  rather  soft,  open  textured  variegated  sandstones,  sometimes  having 
strong  runs  of  buff,  pink,  lilac  and  white  clay  galls  and  rolled  lumps,  with  which 
are  intercalated  thin  bands  of  red  and  chocolate-colored  clays.  The  limestones 
shade  rapidly,  downwards  into  the  sandstones  by  calcareous  sands  and  clays, 
and  intercalated  with  them  also  are  thin  seams  of  bright  red  clays.  If  I  am 
right  in  my  surmise  that  the  Anaram  beds  are  continued  north-westward  past 
Yedlabundun,  then  they  lie  between  the  Kota  and  Metapali  bands.  This  places 
the  Falinya  oon/erta  and  Ohirolepis  mUruieri  of  Andram  with  the  liassic  fish  of 
the  limestone  or  Kota  sub-division. 

A  remarkable  feature  about  the  stratigraphy  of  these  limestone  bands  is, 
that  they  are  not  traceable  to  the  north  of  the  Jangaon  river,  though  two  of  the 
sandstone  belts  associated  with  them  and  the  red  days  are  continued  on  to  the 
Wardha  river.  Of  course  this  non-appearance  of  outcrops  may  be  due  to  the 
very  thick  covering  deposits  of  the  Jangaon  valley;  but  the  probability  is,  I 
think,  that  they  have  thinned  out,  and  that  their  flatter  lie  allowed  of  greater 
erosion,  only  one  isolated  patch  of  the  lowest  band  being  left. 

The  lie  of  the  beds  is  generally  very  low,  from  2^  to  3%  though  the  outcrops 
are  often  broad  and  marked,  giving  an  idea  of  great  thickness.  For  instance,  the 
most  steady  and  fair  outcrop  of  good  massive  limestone  beds,  in  the  Kota  band 
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near  Katapnr,  cazmot  be  much  less  than  800  yards  wide,  which  at  an  avera^ 
dip  of  5**  would  only  give  about  200  feet  for  the  thickness.  The  limestone  is 
usually  a  grey  compact  hard  splintery  rock,  rather  clayey  or  earthy,  with  many 
seams  of  white  chert ;  in  fact,  it  appears  to  have  been  originally  a  fine  calcareous 
mud. 

The  limestone  series  comes  suddenly  or  decidedly  over  the  Maleri  clays  by 
the  presence  of  distinct  bands  of  limestone  strata.  I  could  not,  however,  ascertain 
i  n  this  Pranhita  field  that  this  upper  member  is  fairly  separable  from  the  Maleri 
clays  except  by  a  sort  of  overlap,  at  either  end  of  the  field,  of  the  sandstone 
below  the  Metapali-Itial  band,  and  that  the  red  clays  have  their  distinctiye 
rubbly  calcareous  sandstone,  just  as  the  upper  member  has  its  distinctiye  bands  of 
limestone.  I  do  not  recollect  a  single  instance  of  rubbly  calcareous  sandstones 
in  the  upper  member ;  but  there  certainly  is  a  shading  of  the  calcareous  elements 
throughout  the  group  as  from  distinct  river  deposits  to  others  of  a  more  estu- 
arine  character. 

The  Metapali-Itial  limestones  overlie  soft  variegated  sandstones  with  many 
thin  intercalated  beds  of  red,  white,  and  greenish  clays,  and  a  band  (or  perhaps 
bands)  of  dark  grey  calcareous  sandstone,  massive  and  compact,  putting  on,  on 
weathered  surfaces,  a  guise  of  limestone  so  strongly  that  it  must  be  hammered 
at  to  distinguish  it  from  the  true  rock.  Neither  is  it  the  rubbly  calcareous  rock 
of  the  red  clays.  It  may  be  considered  as  a  kind  of  passage  rock  deposited  in 
the  period  of  change  in  the  character  of  the  waters  of  the  Kota-Maleri  basin 
This  calcareous  grit  is  yery  constant  in  the  sandstones  below  the  Metapali  band, 
all  round  (starting  from  the  Itial  end)  by  Bajaram,  Sardapur,  and  Bamena,  and 
60  down  to  Kondampeta.  It  shows  again  in  force,  but  somewhat  sub^vided,  in 
the  thick  series  of  sandstones  underlying  the  Itial  limestone  and  spreading  out 
to  the  west-north-west  up  to  the  Jangaon  river  from  Gungapur. 

In  following  the  limestone  member  to  the  south-eastward,  the  Metapali 
band  seems  to  thin  out»  though  the  sandstones  above  and  below  it  are  in  force  to 
the  tributary  nala  flowing  down  towards  Yedlabundun.  This  thinning  out  may, 
however,  only  be  apparent,  for  it  is  wonderful  how  these  limestone  bands  are  kid 
beneath  the  more  recent  deposits,  the  debris  from  the  outcrops  of  the  associated 
sandstone  belts  being  enormously  spread  over  the  country. 

At  any  rate,  at  or  near  Sironcha,  the  only  band  carrying  the  Kota-Malens 
into  the  Godavari  area  is  that  of  Tondala,  which  I  take  to  be  of  the  Kota  band, 
and  it  is  in  very  close  proximity  to  the  Sironcha  sandstones. 

The  Oodavari  area. 

The  Kota-Maleris,  or  perhaps  more  properly  the  limestone  or  Kota  member 
of  the  group,  has  been  traced  out  in  this  direction  with  somewhat  more  detail, 
but  there  are  awkward  breaks  in  continuity  of  strike,  and  a  very  large  az«a  to 
the  south  of  the  Indrivati  bend  of  the  Godavari  is  either  covered  up  by  super, 
ficial  deposits,  or  too  shut  np  by  jungle  for  close  survey. 

I  carried  the  Tondala  outcrop  fairly  down  to  Chitur,  beyond  which  village 
there  is  no  further  trace  of    such  rocks  until  within   a  couple  of  miles  of 
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ii ;  bnt  these  beds  are  shifted  out  of  what  would  be  the  course  of  the  band, 
and  yeiy  possibly  belong  to  the  uppermost  Bagarani  zone. 

The  Tondala  outcrop  is  underlaid  by  the  Sironcha  sandstones  as  far  as 
GhituTy  where  the  latter  also  end  abruptly  at  an  east-west  fault,  and  are  succeed- 
ed in  their  strike  by  two  fresh  outcrops  of  limestone.  The  nearest  of  these  to 
l^t  of  ABsaralli  is  a  rather  broad  and  distinct  one,  running  down  to  Ankissa. 
This  is  of  the  usual  Kota  stamp,  and  I  take  it  as  corresponding  to  that  outcrop, 
though  no  fossils  were  found  in  it. 

Some  3  miles  further  west  a  yery  strong  and  rather  broad  band  of  lime- 
stones occurs  close  to  Ardium,  and  thence  it  is  continued  south-east  to  the  left 
or  north  bank  of  the  Godavari.  Thero  was  no  yield  of  fossils  here,  but  this 
band  must,  I  think,  be  looked  on  as  answering  to  that  of  MetapaJi-Itial  in  the 
Pranhita  area.  The  featuro  of  this  outcrop  is,  that  it  is  unmistakably  faulted 
against  Sironchas,  while  it  rests  on  sandstones,  clays  and  shales  of  the  Kota- 
Maleri  type. 

The  great  east-west  or  Indrdvati  roach  of  the  Godavari  presents  a  blank  of 
new  allayial  deposits,  but  on  the  right  or  opposite  bank  two  broad  sproads  of 
fossilif erous  Hmestone  aro  again  met  with  which  must  be  continuations  of  those 
at  Ankissa  and  Ardinm. 

The  Assaralli  outcrop  could  not  be  expected  to  appear,  as  it  must  have  tronded 
under  the  Ghikiala  sandstones  of  Woragnram.  However,  to  the  west  of  this 
village,  thero  is  a  great  show  of  strong  beds,  for  about  a  mile  in  width,  implying 
a  thickness  of  448  feet  at  least ;  and  in  a  tumbled  outcrop  of  these  I  found  a 
fine  skeleton  of  a  fish  and  matted  masses  of  scales.  Hero  also  are  two  thin 
seams  of  carbonaceous  shale,  an  accompaniment  which  adds  further  to  the  identi- 
fication  of  this  as  the  Kota  band.  In  the  broad  outcrop  of  thick-bedded  lime- 
stones, I  obtained  a  few  specimens  of  fish  and  saw  many  others  which  could  not, 
however,  be  chiselled  from  the  huge  blocks  of  hard  splintery  rock.  This  band 
could  not  be  followed  further  south  than  Palmela  owing  to  the  covering  gravels 
and  sands. 

Three  miles  further  westward  thero  is  again  a  wide  belt  of  limestones  having 
its  western  edge  near  Lankalagada,  in  which  a  few  more  fish- remains  were  found. 
Here,  again,  the  beds  are  faulted  against  sandstones  forming  the  bank  of  the  river, 
the  north-north.east  dipping  strata  being  bent  down  to  the  southward  at  the 
Lankalagada  end  of  the  fault.  The  hue  of  fault  is  not  very  clear,  but  it  was 
more  or  less  east  and  west»  rather  to  the  south  of  east.  The  limestones,  like 
those  of  Ardium,  overlie  sandstones,  which  must  be  considered  as  of  the  Kota- 
Maleri  group.  The  sandstones  on  the  north  side  of  the  fault,  and  forming  the 
bank  of  the  river,  are,  I  think,  Kdmthis. 

This  outcrop  is  traceable  south  as  far  as  Sigampali,  and  beyond  this  only 
faint  traces  of  limestone  occur  near  Bedipali  and  towards  Ahilapuram,  where 
the  Kota-Maleri  strata  trend  close  on  the  Edmthis  of  the  ridge  south  of  the 
village ;  but  there  is  no  section  showing  the  relation  of  the  two  groups. 

In  this  southern  portion  of  the  field,  thero  aro  no  strata  answering  exactly 
to  the  Maleri  member  of  the  group,  or  the  proper  Bed-clay  sub-division ;  but 
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it  is  probable  that  there  is  a  great  thickening  ont  of  the  sandstones  beloTv   the 
Ardium-Lankalagada  ontorop. 

Certainly  there  are  neither  sandstones  nor  clays  answering  in  any  -waj  to  the 
Maleris  between  the  Tondila-Chitnr  ontcrop  and  the  Sironcha  beds,  though  snch 
may  have  been  thrown  down  hy  a  north-west  to  south-east  £anlt,  else  may 
be  hidden  under  the  Tondala  beds  and  deposited  against  a  steep  face  of  Sironcha. 
I  could  see  no  trace  of  a  fault  along  this  line,  or  running  from  either  end  into 
the  Maleri  country  or  south-eastwards  to  Assaralli ;  hence  it  would  seem  as  if  a 
natural,  though  very  abrupt,  boundary  were  the  simpler  intorpretation  of  this 
unusual  association  of  the  Upper  and  Lower  Oondwinas. 

But  this  is  an  association  implying  strong  unconformity,  such  as  might  be 
expected  to  occur  under  the  marked  overlap  pointod  out  by  Mr.  Hughes  as  ex- 
isting between  the  Kota-Maleris  and  Kdmthis. 

The  Ardium  limestones  overlie  a  set  of  sandstones  which  are  very  well 
displayed  in  the  river  bank  going  towards  Aipeta.  Proceeding  up  along  the 
river  bank,  these  thick-bedded  sandstones  are  succeeded  by  a  good  thickness  ol 
variegated  beds,  and  then  by  irregular  bands  of  greenish- white  clays,  calcareous 
sandy  clays  and  shales,  and  rough  rubbly  marly-looking  bands  with  recurrent 
white  and  light-colored  arenaceous  beds  and  other  harder  seams  of  sandstone, 
all  having  rather  a  calcareous  constitution ;  and  then  there  are  traces  of  thin 
chocolate  clays  coming  in  towards  the  top  and  underneath  the  limestones.  There 
are  also  beds  of  about  a  foot  thick  of  calcareous  grits  with  smcall  lumps  of  green- 
ish and  red  clays. 

These  are  very  much  the  style  of  rocks  overlying  i^e  Kota  limestones,  and, 
indeed,  such  as  appear  here  and  there,  only  much  less  freely  exposed,  associated 
above  and  below  aU  the  limestone  outcrops ;  but  there  are  no  signs  of  the  bright 
red-clay  series. 

Inmiediately  north  of  the  small  hamlet  of  Madagam  on  the  opposite  bank  of 
the  river,  there  is  a  good  outcrop  of  beds  like  those  on  the  Ardium  side ;  bat 
their  ends  are  faulted  against  a  stronger  outorop  of  arenaceous  beds  immediatelj 
under  the  village,  in  a  nearly  east-west  line.  The  beds  on  the  north  side  are 
much  seamed  with  nearly  vertical  east-west  veins  and  strings  of  silicious  consti- 
tution, the  result  being  that  the  outcrop  is  more  a  series  of  hard  ridges  in  this 
direction,  giving  an  appearance  of  bedding,  while  close  to  the  fault  itself  the  ends 
of  the  strata  are  turned  down  to  the  northward  with  slickensided  faces  having  a 
dip  of  70^. 

In  the  absence  of  fossils  and  any  very  decided  lithological  characters,  it  is,  of 
course,  impossible  to  say  that  the  Madagam  beds  on  the  south  side  are  really  of 
a  different  group  or  series  to  those  on  the  north  side  of  the  fault ;  but  they 
certainly  appeared  to  me  to  have  more  of  a  K&mthi  f  acies,  and  to  be  the  same  as 
the  beds  further  down  the  river  side  near  Lankalagada. 

I  have  already,  in  previous  progress  reports,  given  an  account  of  the  strata 
underlying  the  Lankalagada  limestone,  describing  them  as  of  the  Kota-Maleri 
group.  They  are  all  sandstones  with  a  few  thin  bands  of  red  clay,  and  low  down 
in  them  is  a  thin  calcareous  band  showing  scarcely  a  fair  limestone  flag.    Now 
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that  I  have  had  an  opportanity  of  examining  the  Maleri  field  more  closely,  I  may 
say  that  these  rocks  remind  me  very  mnch  of  those  underlying  the  southern  por- 
tion of  the  Matapali-Itial  limestone  hand. 

Thus  far  I  can  write  of  those  southern  heds,  and  the  apparent  ahsence  or 
non-existence  of  any  red-clay  series  ;  hut  as  the  country  has  not  yielded  to  me 
any  evidence  as  to  the  houndary,  except  that  there  mu  st  he  one  in  the  approzi 
mate  line  I  have  drawn  south-eastward  from  Madapur,  I  cannot  say  that  the 
Maleri  clays  may  not  he  hidden  hy  faulting,  or  along  an  old  steep  shore  edge.. 
There  is  no  douht  that  the  country  ahore  this  reach  of  the  Godavari  is  a  good 
deal  out  up  hy  dislocation,  more  generally  in  the  east-west  line,  and  there  are 
indications  of  steep  shore  edges. 

As  bearing  on  this,  however,  it  may  be  as  well  not  to  leave  out  of  notice  a 
very  exceptional  occurrence  of  red  and  green  clays  some  miles  further  south, 
right  in  the  centre  of  one  of  the  most  unfrequented  parts  of  this  largest  jungle 
waste  in  the  Nizam's  dominions.  About  13  miles  south  of  Ahilapuram,  while 
working  over  an  immense  succession  of  ferruginous  sandstones  which  must 
be  reckoned  as  KAmthis  (though  I  have  hitherto  always  strained  at  an  upper 
Gondwina  place  for  them,  owing  to  their  Sironcha  facies)  on  the  Konda- 
party  stream  I  suddenly  came  on  high  banks  of  red  clays  with  green  and  white 
seams  and  partings  of  the  well-known  Maleri  type.  I  tried  all  I  could  to  carry 
this  outcrop  into  some  sort  of  relation  with  the  coarse-brown  sandstones  in  the 
adjacent  jungle,  but  without  success  ;  and  I  can  only  now  record  its  occurrence, 
with  the  surmise  that  it  is  left  there  in  the  midst  of  K^mthi  strata  by  faulting, 
or  possibly  as  an  outlying  patch. 

Before  turning  north  again  to  discover  more  closely  the  further  evidence 
which  has  been  obtained  of  the  red-clay  series,  it  will  be  as  well  again  to  note  the 
points  which  have  been  gained  or  advanced  so  far — 

1.  The  Kota-Maleri  group  may  be  considered  to  consist  of  two  members,  an 
upper  division  characterized  by  having  three  well-marked  limestone  zones,  two 
of  which  contain  fish-remains  having  liassic  affinities,  and  a  lower  division 
characterized  by  a  strong  development  of  red  clays  with  remains  of  reptiles  and 
fishes  of  triassic  age.  This  marked  difference  of  age  of  animal  remains  in  what 
appears  to  be  one  group  of  a  formation  is  now  partly  accounted  for  in  the  fact 
that  the  rocks  containing  one  set  are  decidedly  higher  in  the  group  than  the 
rocks  containing  the  other ;  and  as  there  is  still  a  certain  amount  of  hesitation^ 
exhibited  by  my  colleagues  in  their  writings  on  this  single  point,  I  may 
be  excused  for  reiterating  this  important  feature  in  the  stratigraphy  of  the  Kota- 
Maleris. 

2.  In  the  southern  or  Godavari  area  of  the  Kota-Maleris,  the  sandstones 
below  the  lowest  band  of  limestones  have  thickened  out  enormously ;  and  there  is 
no  known  outcrop  answering  well  to  the  Maleri  clays. 

1  See  Hr.  Hughes'  Rec.  Geol.  Survey  of  India,  Vol.  XI,  Part  1,  page  26»  line  84,  et  seq,, 
W.  T.  Blanford,  Palffiontologia  Indica,  Ser.  IV — 2,  page  20,  line  82,  ei  $eq,  I  never  considered 
that  the  Kota  limestone  is  a  band  intercalated  in  the  Maleris,  though  I  did  agree  with  Hughes 
that  the  two  might  be  of  the  one  group.  Again,  in  the  Manual  of  the  Geology  of  India,  page 
iriv,  line  9,  et  teq. 
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3.  The  lower  Gondwinas  of  Sironcha  town  are  succeeded  directly  by  a 
limestone  band  of  the  upper  division,  either  natnTally,  but  abruptly,  or  less  prob- 
ably by  a  faulted  boundary  ;  but  this  would  only  be  evidence  of  unconformity 
between  the  lower  and  upper  Gondwinas  and  not,  as  I  have  hitherto  supposed, 
of  a  break  between  the  two  members  of  the  Kota-Malens. 

4.  The  Anaram  sandstones  with  FaXitiya  oonferta  and  Ohirolepis  miinsterij 
are  to  all  appearance  on  a  horizon  between  the  Kota  and  Metapali-Itial  limestono 
zones. 

One  more  point  of  evidence  bearing  on  the  relations  of  the  limestone  member 
has  been  obtained  in  the  Angrezpali  patch,  which  may  traverse  Mr.  Hughes' 
surmise  that  the  red  clays  there  are  on  a  higher  horizon  than  those  of  Maleri : 
for  I  have  found  limestones  of  the  Kota  type  lying  just  along  the  southern  edge 
of  this  patch  of  clays,  on  the  rigbt  bank  of  the  Godavari  to  the  east  of  Damara- 
kunta,  between  Malarim  and  Gondapali.  The  association  is,  as  usual,  not  at  all 
clear  owing  to  the  covering  alluvial  deposits  of  the  river ;  but  there  is  no  doubt 
of  the  limestone  being  there  associated  with  sandstones  overlying  the  red  clays. 

Thb  Malsri  Bed  Glats. 

I  took  up  these  at  the  typical  exposure  on  the  Wardha  river  near  Porsa,  and 
so  carried  them  southwards,  without  continuity,  but  to  all  appearance  and  by 
associated  sandstones,  towards  the  Jangaon  valley,  whence  they  are  more  easily 
followed  into  the  proper  Maleri  field.  The  Porsa  red-clays,  however,  run  under, 
or  to  write  more  correctly,  run  close  up  to,  and  must  eventually  underlie,  sandstones 
belonging  to  the  belt  above  the  Kota  zone  of  limestones.  There  is  no  sign  of, 
nor  can  there  be  any  room  for,  the  sandstones  below  that  zone,  or  for  the  Itial 
band.  There  certainly  seems  to  be  at  this  end  of  the  field  evidence  of  a  oessa. 
tion  of  deposition  over  the  northern  frontier  of  the  red-clay  basin,  which  portion 
was,  however,  eventually  covered  up  by  the  later  belts  of  the  Kota  member  (the 
third  sandstone  belt,  that  of  Sarwai  and  Barsal  ridges).  This,  of  course,  is 
virtually  only  an  overlap  of  these  sandstones,  not  necessarily  of  the  whole  lime- 
stone sub-division ;  but  there  is  further  evidence  yet  to  come  of  the  possible 
overlap  of  the  whole  sub-division  at  the  Anaram  end  of  the  field. 

To  the  south  of  the  Jangaon  river,  the  red-clays  show  in  all  their  decided 
outspread;  a  fair  series,  displayed  more  especially  about  Nambala,  Komieli, 
and  Achlapur,  of  south-eastward  dipping  red  clay  bands  with  intercalations  of 
thin  arenaceous  beds,  and  more  particularly  many  bands  of  grey  rubbly  calcare- 
ous sandstones  with  indured  red,  chocolate,  and  greenish  lumps  of  clay.  The 
reptilian  remains  must  have  come  from  beds  in  the  Maleri  field,  and  not  from 
any  higher  bands  of  clay  in  the  upper  member,  the  drainage  being  all  to  eastward. 
The  eastern  edge  of  the  clay  basin  rutls  from  a  little  south  of  Nangaon  past 
Gungapur,  Wodala,  Yenkatapur,  Elasnapali,  and  Nakalapali  to  Isnai  tank,  some 
7  miles  west-north-west  of  Anaram.  Mr.  Hughes,  in  his  small  map,^  carries 
the  western  boundary  of  the  clays  rather  more  to  the  westward  than  I  would 
have  it^  but  there  is  certainly  a  section  between  Naneala  and  Bebni  showing 
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that  the  clays  lap  over  and  round  brown  sandstones  and  pebble  beds  (striking 
north-west  to  south-east)  of  unmistakable  Kdmthi  type  with  ferruginous  warts 
and  fungoid  segregations.  Mr.  Hughes'  boundary  does  not  run  down  as  far  as 
Isnai,  but  my  haying  carried  it  so  far  is  an  important  point  as  fetching  the 
lower  Gondwina  boundary  down  more  to  the  westward  of  An^ram  with  a  less 
easy  curve  round  the  Kdmthis  of  Linganapeta. 

Along  their  eastern  edge,  the  red  clays  suddenly  become  less  persistent^  and 
are  succeeded  by  variegated  sandstones  with  intercalated  clay  seams,  and  then 
by  a  thick  series  of  thick-bedded  sandstones  which  is  perhaps  most  clearly  deve- 
loped in  the  fine  cliffs,  of  60  to  80  feet  high,  south  [of  Ghingapur,  and  this  set 
of  beds  may  be  followed  towards  Naogaon,  or  south-eastwards  past  Akalapali, 
Kesapur,  Sardapur,  Bamena,  and  Eondampeta.  The  red  clays  undoubtedly  now 
cease  to  be  the  feature,  though  thinner  and  thinner  seams  show  as  these  Ghinga- 
pur sandstones  are  followed  up ;  but  at  the  top  of  them  and  immediately  under 
the  limestones  of  Itial  is  a  red  clay  band,  next  a  thin  band  of  limestone,  then 
red  clays  again,  and  then  the  thick  zone  of  limestones.  The  difficulty  is — 
considering  that  we  have  never  found  any  of  the  Maleri  reptilian  and  fish 
remains  in  situ — ^to  say  from  which  bed  these  were  derived.  The  calcareous, 
or  rubbly  calcareous  sandstone,  or  even  coarse  white  grit,  usually  attached 
to  the  specimens,  woxdd  imply  that  they  come  from  the  bands  of  these  rocks  in 
the  red  clays,  and  that  is  at  a  horizon  entirely  lower  than  the  Oungapur  sand- 
stones :  I  am  also  strongly  inclined  to  consider  that  this  is  really  the  case. 

From  Yenkatapur  southwards,  the  Gungapur  sandstones,  or  what  I  take 
to  be  the  representatives  of  them,  show  above  the  middle  the  strong  calcareous 
grit,  simulating  limestone,  already  referred  to,  and  I  think  this  seam  may  be 
traced  down  as  far  as  Kondampeta  at  least ;  indeed  it  appeared  to  me  that  it 
mns  down  even  as  far  south  as  the  parallel  of  Isnai.  West-south-west  of 
Yenkatapur,  towards  Naogaon,  Ac.,  I  did  not  find  the  one  calcareous  band  of 
grits  so  clear ;  there  appeared  to  be  more  than  one  band. 

The  Gungapur  sandstones  pass  along  by  Naogaon,  forming  one  group  with 
the  thick  bedded  rocks  of  Aksapur,  and  I  think,  those  of  Chirdkiint,  Belgaon, 
and  Balinpur,  from  all  of  which  Hughes  obtained  the  fossils  enumerated  in 
his  paper. 

Hughes  says  (Z.  c,  p.  28)  of  these  fossils  and  the  localities — 

"  In  the  neighbourhood  of  Idlara  there  are  the  unmistakable  red  clays  with 
lenticular  layers  of  greyish  green  granular  argillaceous  sandstones,  and  sand- 
stones with  clay  galls,  of  the  Eota-Maleri  group.  Thence  to  the  south  as  far  as 
the  range  of  hills  capped  by  trap,  there  is  no  interruption  to  the  series ;  and 
at  a  short  distance  up  the  north  face  of  the  range  and  about  a  mile  and  a  half 
of  Chirdkdnt,  soft,  pale  yellow,  fossiliferous  shales  occur  that  yielded  the  few 
species  of  ferns,  cycads,  and  conifers,  &c."  *'  The  same  plant  (Palissya  conferta) 
was  discovered  in  1872  by  Mr.  Fedden  between  M6hir  and  BaUnpur,  west  of 
Jangaon,  in  sandstones  which  I  have  included  as  Kota-Maleris."  The  shales 
and  sandstones  near  Naogaon  (in  which  I  last  year  discovered  Falissya  jabalpur- 
en$is  and  AraucarUes  kaehensis)  are  also  components  of  the  group.  They  may 
be  higher  in  the  series  than  the  M6har  Bal&npur  beds,  their  plant  forms  sng- 
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gestisg  this  surmise.  I  cannot  adduce  any  stratig^plucal  evidence  tliat  bears 
upon  the  relationship  of  the  Naogaon  and  M6h4r-Balanpur  or  Chirakiint  beds, 
for  sections  are  of  the  most  broken  and  uninstructive  character  throughout 
the  whole  of  the  valley  of  the  Jangaon  river. 

I  was  not  able  to  visit  the  Ghir&kiint  locality,  but  the  whole  stratigmphic 
features  seemed  to  me  to  indicate  that  there  might  be  a  set  of  rocks,  over  the  red 
Clays,  corresponding  to  the  sandstones  of  Naogaon,  for  the  lie  of  both  sand- 
stones  and  underlying  red  clays  is  very  low  or  nearly  flat  over  this  part  of  the 
valley,  and  the  fossils  were  obtained  from  a  spot  a  short  distance  up  the  side 
of  the  hill  range.  The  M6har  and  Balanpur  fossils  were  found  in  sandstones 
apparently  above  the  red  clays ;  and  I  have  not  the  smallest  doubt  but  that 
these  rocks  answer  to  those  of  Naogaon,  Aksapur,  Ac.,  in  fact  they  belong  to  the 
Gungapur  sandstones,  that  is,  are  above  the  fossiliferous  red  clays.  Hughes  is 
right  about  their  being  in  the  Kota-Maleri  group ;  but  it  is  highly  important  that 
their  horizon  in  this  group  should  be  known ;  and  there  is  this  fact  certainly, 
that  the  Naogaon  beds  at  any  rate  are  Gungapurs,  and  that  the  Gungapuis  are 
above  the  proper  red  clays. 

Having  so  far  made  out  a  little  more  as  to  the  horizon  of  the  plant  beds  of 
the  Jangaon  valley,  it  would  be  a  most  important  gain  if  they  could  be  placed 
in  accord  with  the  Anaram  beds  to  the  south-east.  I  can,  I  think,  carry  the 
Gungapur  sandstone  zone  down  as  fBT  as  Kondampeta^  whence  certainly  it 
may  have  curved  round  to  the  east-south-east,  and  so  form  the  Andram  strata 
too,  thus  lapping  over  the  red  clays  of  Isnai  on  to  the  Kimthis  of  Linganapeta. 
This  seems  a  not  untoward  lie  of  the  strata,  and  it  is  a  very  tempting  position  to 
place  them  in,  as  it  would  give  a  strong  point  in  favor  of  the  overlap  indicated 
in  the  Wardha  valley  ;  but  I  cannot  satisfy  myself  on  this  point.  The  several 
bands  of  sandstone  and  limestone  above  the  red  clays  appeard  to  me  to  be  all 
running  south-east  right  at  the  Linganapeta  ground.  There  is,  however,  a  lower 
lie  and  a  strike  round  more  to  the  eastward  in  the  rocks  about  a  mile  and  a  half 
or  two  miles  north  of  the  latter  village,  and  the  red  clays  spread  out  rather  to 
the  south-east  of  Isnai,  so  that  there  may  really  be  a  trend  round  towards 
Yedlabundun.  In  the  meantime,  I  prefer  to  think  that  the  limestone  member 
of  the  Kota-Maleris  does  not  thin  out  so  easily  near  Isnai,  and  that  the  Aniram 
beds'  position  is  between  the  Kota  and  Itial-MetapaJi  band  of  limestones. 

The  point  I  would  now  suggest  is,  that  we  have  here,  at  the  Isnai  end  of  the 
Maleri  field,  tolerably  present  in  evidence  that  the  red  clays  are  being  well 
overlapped  by  higher  and  higher  strata  of  the  limestone  member  between  Isnai 
and  Anaram. 

For  the  whole  field  of  Kota-Maleris,  the  various  points  gained  or  suggested 
may  be  summarized  thus-— 

The  series  appears  fairly  separable  into  two  groups,  the  Maleris  and  the 
Kotas,  which  have  already  been  referred  to  in  this  paper  as  the  Red-clay  and 
Limestone  members  The  Red-clay  or  Maleri  sub-group  is  overlapped  at  its 
northern  end,  between  the  Jangaon  and  Wardha  rivers,  by  an  upper  sandstone 
zone  of  the  limestone  or  Kota  sub-group ;  and  even  before  the  doubtful  boundary 
between  the  sandstones  of  Sironcha  and  the  Kota  limestone  is  reached  to  the 


PART  1.]  King:   Geology  of  the  Upper  Oodavari  basin.  25 

southward  the  same  clays  are  again  overlapped  by  the  AD^ram  stAta :  while 
thej  do  not  appear  to  be  represented  in  the  southern  or  Godayari  portion  of 
the  field. 

This  separation  by  overlap  accords  in  some  measure  with  what  is  known  of 
the  ft^Tiifnn.1  remains  iound  in  either. 

The  position  of  the  plant- remains  is  less  clear,  but  that  of  the  Naogaon  and 
Aniram,  and  perhaps  of  the  Balanpur  fossils  is  above  the  red-clays,  there 
being  overlap  in  the  Anaram  case.  The  planirshales  are  in  sandstones  which 
run  with  the  red  clays  up  the  Jangaon  valley,  but  this,  the  Gungapur  band  of 
arenaceous  strata,  does  not  appear  to  be  represented  on  the  Wardha  river,  the 
clays  there  being  overlaid  by  strata  to  all  appearance  higher  than  the  Kota  zone 
of  limestone ;  hence  we  may  infer  that  the  Gungapur  beds  are  not  co-extensive 
with  the  clay  series  at  the  northern  end,  while  they  overlap  it  at  the  other  end 
of  the  field.  On  either  view  of  the  horizon  of  the  An4ram  plant-shales,  either 
aa  a  thinned-out  end  of  the  Gungapur  beds,  or  as  of  the  arenaceous  zone  between 
the  Itial  and  Kota  limestones,  their  position  is  still  above  the  clays.  I  have 
endeavoured  to  explain  the  positions  of  the  Chir^dnt  shales  as  being  also  above 
the  clays. 

The  great  difficulty  lies  in  saying  where  the  Maleris  are  to  be  considered  aa 
ending,  and  where  the  Kotas  begin.  I  am  fairly  at  a  loss  in  the  proper  Maleri 
field  itself,  for  there  are  no  known  sections  giving  the  relations  of  the  two  sub- 
divisions. I  think  the  Kotas  must  be  considered  as  commencing  with  the  Gun- 
gapur sandstones  even  though  there  be  so  many  thin  seams  of  red  clay  in  that 
set  of  rocks  as  well  as  up  into  the  limestone  zones.  The  Gungapur  beds  are 
thick,  and  in  their  constitution  they  point,  on  the  whole,  to  a  kind  of  deposition 
totally  different  to  that  of  the  red  clay  series,  after  which  a  great  change  must 
have  taken  place  in  the  drainage  system  of  the  country  bordering  the  Maleri 
basin ;  while  the  successive  overlapping  of  the  succeeding  deposits  on  the  days 
at  the  northern  end  of  the  field  indicates  a  long  period  of  unrepresented  time 
during  which  the  change  in  animal  life  might  have  taken  place. 

I  would  then  only  modify  Mr.  Hughes'  latest  classification  of  the  upper 
Gondwdnas  so  far  as  to  break  up  his  KotarMaleris  into  two  of  the  groups  pro- 
posed in  my  original  provisional  list^  which  are  themselves  also  modified,  inas- 
much as  the  Andram  beds  are  now  ranged  in  the  Kota  group  instead  of  with 
the  Sironcha  sandstones. 

Ghikiala  Sandstones. 

These  were  followed  out  to  their  bounds  in  this  area»  but  without  giving  any 
more  evidence  as  to  their  relations  with  the  Kotas.  However,  until  more  is 
known  of  them,  it  will  be  better  to  leave  my  old  correlation  of  them  with  the 
Tripati  sandstones  of  the  lower  Godavari  Upper  Gondwanas  as  a  very  open 
question.  In  some  respects  they  are  even  like  the  much  newer  and  tertiary 
Bijahmandri  sandstones  of  that  region.  My  arguments  as  to  the  age  of  the 
Bal4npur  beds  will  show  that  I  do  not  think  they  are  at  all  recognizable  by 
position  as  Chikialas. 
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OioLOGT  or  Lada'k  and  neighbouring  districts,  being  fourth  notice  of  geoloot 
OF  KashmIr  and  neighbouring  TERRITORIE81  hy  B»  Ltdekkeb,  B.A.,  Oeo- 
logical  Survey  of  India* 

(With  a  map). 

INTRODUCTION. 

THe  portion  of  the  Himalaya  geologically  examined  by  myself  during  the 
past  sammer  comprises  the  country  on  and  adjoining  the  main  road  from 
Kashmfr  to  Leh,  a  considerable  portion  of  Dr^,  ZdnskiLr,  and  Ladik;  the 
regions  about  the  Pangong  Lake  and  Chang-Chenmo,  and  a  part  of  Bupsu  and 
Eulu. 

A  considerable  portion  of  this  area  has  been  already  trayersed  by  the  late 
Dr.  Stoliczka,  and  the  serial  position  of  most  of  the  rock-groups  occurring 
therein  approximately  determined.'  Dr.  Stoliczka's  survey  was,  however,  mainly 
confined  to  the  high-roads,  while  my  own  embraces  a  large  extent  of  the  suiv 
rounding  country.  I  am,  therefore,  able  to  present  a  fairly  complete  general  map 
of  the  greater  part  of  the  districts  in  question,  in  place  of  the  isolated  rock« 
groups  colored  in  by  Dr.  Stoliczka.  My  own  more  extended  observations  have 
also  led  to  certain  modifications  of  the  views  entertained  by  Dr.  Stoliczka  as  to 
the  relative  ages  of  some  of  the  rocks  in  these  regions,  but  on  the  main  I  agree 
with  the  conclusions  arrived  at  by  our  former  colleague.  I  may  also  add  that 
I  am  indebted  to  Dr.  Stoliczka's  notes  for  some  of  the  boundaries  shown  on  the 
map. 

In  my  previous  papers  on  the  geology  of  the  Kashmir  Himalaya,'  I  have 
generally  treated  the  subject  in  the  manner  of  an  itinerary;  describing  the 
different  rocks  as  they  occurred  on  my  various  routes.  This  method  of  treat- 
ment)  however,  would  not  be  suitable  to  the  present  area,  and  I,  therefore,  pro- 
pose to  treat  of  each  group  of  rocks  by  itself. 

In  geologically  mapping  an  area  which  consists  in  the  main  of  exceedingly 
lofty  mountains  and  elevated  valleys,  it  is  of  course  impossible  from  the  nature 
of  the  ground,  to  be  always  perfectly  accurate  in  tracing  continuously  the  bound- 
aries of  the  various  rock-groups ;  not  unfrequently,  therefore,  in  my  map  when 
such  boundaries  are  far  removed  from  the  roads,  they  must  be  considered  merely 
as  more  or  less  accurate  approximations  oonnecting  the  fixed  points  where  the 
boundaries  cross  or  approximate  to  the  practicable  roads,  or  accessiUe  regions. 

I  shall  divide  my  subject  into  four  main  headings,  viz.  (1),  the  older 
Paleeozoics  of  Drds  and  Ladik,  (2),  the  rocks  north  of  Ch^ng-Ghenmo,  (3),  the 
rocks  of  the  Zdnsk&r  and  Lad&k  basin,  and  (4),  the  rocks  of  Lah61  and  Kulu, 
while  in  a  fifth  section  I  shall  make  some  more  genersJ  remarks  on  the  relations 
of  the  rocks  of  the  whole  area. 

I  once  again  have  to  deplore  the  absence  of  any  trace  of  fossils  in  the  older 
Palflsozoics  of  the  region  surveyed,  which  absence  precludes  any  minute  sub- 

1  Mem.  GeoL  Snrv.  India,  VoL  V,  pp.  182,  837.  Scientifio  TestiltB  of  Second  Tarkaod  Misaon : 
Goology. 

'  Bee.  Geol.  Snrr.  India,  Toll.  IX,  XI,  XII. 
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divisioiis  or  correlatioiis  of  the  rock-groiips,  and  which  also  renders  the  inter* 
pretations  of  their  age  open  to  a  certain  amonnt  of  doubt. 

In  mentioning  the  names  of  places  in  Laddk,  I  have  generally  made  nse  of 
the  Tibetan  name  "  L&"  for  a  pass  and  "  Tso"  for  a  lake ;  thus,  "  Kangi  L&  " 
for  "Kangi  Pass,"  and  "Tso  Moriri"  for  Moriri  Lake.  This  avoids  such 
barbarous  repetitions  as  Kangi  Ld  Pass  and  Tso  Moriri  LaJce,  which  one  some- 
times meets  with. 

With  regard  to  the  propriety  of  applying  the  names  of  the  European  rock 
series  to  the  rocks  of  the  Himalaya,  in  cases  where  no  fossil  evidence  is  available,  it 
appears  to  me  that,  since  we  have  in  the  Himalaya  some  of  the  rock-groups  clearly 
indicated  as  being  the  homotaxial  equivalents  of  European  rocks-groups,  it  is 
simpler  to  apply  provisionally  to  the  rocks  underlying  and  overlying  such  known 
horizons,  the  same  names  as  are  applied  to  the  similarly  placed  rocks  of  Europe* 
I  wish,  however,  at  the  same  time,  as  I  have  observed  elsewhere,  to  impress  on 
the  reader  most  distinctly  that  I  do  not  for  one  moment  consider  that  any  of 
the  Himalayan  rocks  are  exactly  equivalent,  either  in  thickness  or  in  time  of 
deposition,  with  the  correlated  European  rocks;  but  that  I  merely  indicate 
that  the  rock  sequence  in  the  two  regions  generally  follows  the  same  order.  It 
would  be  equally  easy  for  me  to  invent  new  terms  for  each  and  every  Himalayan 
rock-group ;  but  it  appears  to  me  that  when  my  meaning  can  be  equally  well 
conveyed  by  the  use  (in  a  wide  sense)  of  well-known  and  well  established  terms, 
that  it  is  far  preferable  to  employ  such  terms  than  to  add  to  the  list  of  new  and 
little-known  ones,  which  already  cumber  the  paths  of  science  to  such  an  appal- 
ling extent. 

I. — Older  Palj:ozoics  of  DrIs  and  LadXk. 

In  my  last  published  paper  on  Himalayan  Geology,^  I  have  stated  that  the 
jaspideous,  trappoid  and  slal^  rocks  occurring  in  the  neighbourhood  of  Drds, 
are  found,  if  traced  to  the  westward  into  the  valley  of  the  Kishenganga,  to 
underlie  the  limestones  of  the  Carbo-Triassic  series,  and  also  to  correspond  in 
mineralogical  composition  to  the  rocks  of  the  Pir  Panjdl.  It  may,  therefore, 
be  assumed  that  both  the  Dr&s  and  Pfr  Panj&l  rocks  are  of  pre-carboniferous 
age,  and  that  they  in  all  probability  roughly  approximate  to  the  Silurian.^ 

Taking  now  the  Drds  Silurian  rocks  as  our  starting  point,  and  proceeding  in 
a  north-easterly  direction  along  the  Ladfik  road,  we  shall  find  that  these  same 

1  Bee  Oeol.  Sarv.  India,  Vol.  XII,  p.  20. 

*  This  oondiuioii  will  be  coDfirmed  in  the  sequel.  Dr.  Stoliczka  (Geology  of  2nd  Tarkand 
Mission,  p.  12)  compares  these  Br^  rocks  to  the  trappoid  rocks  of  Srinagar,  and  considers  them  as 
certainly  the  same;  from  page  16  of  the  same  work  we  learn  that  Stoliczka  considered  the  Srinagar 
rocks,  like  similar  rocks  in  Ching-Chenmo,  as  Silnrian.  In  s  former  paper  (Mem.  Geol.  Snrv., 
India,  VoL  V,  p.  849),  he  considered  part  of  the  Dr^  rocks  as  Carboniferous. 

In  the  first  of  these  two  papers,  Stoliczka  appears  to  have  considered  that  the  slaty  rocks  of 
Dris  underlay  the  Trias  dolomites  of  the  Dr^  river  and  Mataian,  while  in  his  last  notes  he 
appears  to  have  considered  (as  I  do)  the  junction  a  faulted  one ;  this  would  account  for  the  two 
ages  assigned  to  the  Drib  slaty  rocks.  In  classing  them  all  as  Silurian,  Dr.  Stoliczka's  last 
conclusions  agree  with  my  own.  In  these  last  notes  he  also  considers  the  Trias  nearest  the  Dras 
ilates  M  the  newer  (Para),  whereas  hi  the  first  paper  he  classed  it  as  the  older  (Lilang). 
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slates  and  other  rocks  are  continued  about  as  far  as  the  village  of  Danddl.  In 
this  district,  these  rocks  are  frequently  jaspideous  like  those  on  the  road  from  Dr&a 
to  Tilel  (Tilail)  described  in  my  above-quoted  paper,  and  they  often  acquire  a 
black  ''  river-glazing,"  while  they  disintegrate  into  a  dark  and  heavy  iron-sand. 
Occasional  beds  of  the  true  slates  are  highly  ferruginous  and  weather  to  a 
rusty-red  color  :  there  also  sometimes  occur  thin  beds  of  a  coarse  conglomerate 
resembling  that  found  among  the  slates  of  the  Pir  Panjil,  the  occurrence  of 
which  confirms  the  identity  of  the  rocks  of  the  two  districts :  near  Dras  the 
rock  is  like  some  of  the  trappoid  rocks  of  Kashmir. 

Still  following  the  course  of  the  Dr&s  river,  we  find,  below  Dand^l,  the  rocks 
gradually  assuming  a  homblendic  character,  and  not  unfrequently  containing 
crystals  of  pure  hornblende  of  a  large  size.  Near  the  halting  place  of  Tashgdm, 
the  strata  are  thrown  into  several  small  anticlinals,  the  lowest  exposed  beds 
consisting  of  a  dark-colored  syenitic  gneiss,*  while  the  higher  beds  consist  of  the 
Drds  slaty  rocks :  from  the  latter  to  the  former,  there  is  a  complete  and  imper- 
ceptible passage  through  the  above-mentioned  homblendic  rocks,  so  that  I  come 
to  the  conclusion  that  the  lower  part  of  the  slate-series  has  here  been  altered 
into  gneiss. 

From  Tashgdm  to  near  the  junction  of  the  Drds  with  the  Shingo-Shigar 
river  we  have  alternations  of  small  gneiss  anticlinals  overlaid  by  slaty  rocks. 
Some  of  the  latter  closely  resemble  in  their  mineralogical  characters  the  massive 
bluish  rocks  of  the  Panjal  series,  which  occur  at  and  near  Shfsha-Ndg  in 
Kashmir,'  while  others  are  like  the  ferruginous  slate  rocks  of  Dras. 

Near  the  junction  of  the  two  rivers  mentioned  above,  we  come  upon  a  massive 
light-colored  syenitic  gneiss  (syenitoidite)  which  seems  to  underlie  conformably 
the  transition  rocks. 

Another  ridge  of  the  same  (generally  syenitic)  gneiss  occurs  immediately  to 
the  north  of  Drds,  apparently  underlying  the  slates  of  Drds  on  the  one  side,  and 
the  transitional  rocks  of  Tashgam  on  the  other.  I  have  not  traced  these  rocks  far 
to  the  north-west  of  the  Lad^k  road,  but  I  have  already  mentioned^  that  gneiss 
pebbles  occur  in  the  Blirzil  river  on  the  Kashmfr  and  Astor  road ;  and  General 
Cunningham^  also  states  that  the  table-land  of  Deosai  or  Deotsu  (to  the  north- 
west of  my  map),  consists  principally  of  granite,  by  which  he  doubtless  means 
the  same  gneiss :  there  is,  therefore,  every  probability  that  a  continuous  band  of 
these  crystallines  extends  to  the  north-west  of  Drds  and  Kargil.  The  eastward 
extension  of  this  Deosai  and  Drds  gneiss  will  be  described  below. 

The  gneiss  anticlinals  near  Tashgdm  are  probably  the  highest  beds  of  the  main 
gneiss  ridges,  and  are  frequently  dark  colored ;  but  as  the  main  mass  of  the 
rocks  between  the  two  ridges  of  gneiss  are  the  same  as  the  slates  of  Dris,  they 
have  been  colored  of  the  same  tint  in  the  map.    We  shall,  however,  subsequently 

>  The  whole  of  the  north-western  Himalayan  gneiss  which  I  have  seen,  whether  homUendic  or 
micaceooB,  is  granitic  in  stmctnre,  and  neyer  distinctly  foliated.  The  homblendic  Tariety  may  be 
termed  "  syenitoidite,"  and  the  micaceons  "  granitoidite." 

*  Rec.  Geol.  Surv.  India,  Vol.  XI,  p.  4A. 

»  Rec.  Geol.  Surv.  India,  Vol.  XII.  p.  24. 

^  "  Lad4k,"  p.  57. 
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see  that  in  Laddk  portions  of  the  slate  series  are  sometimes  locally  altered  into 
a  dark-colored  gneiss  which  overlies  the  massive  lighter-colored  gpeiss>  and  the 
same  maj  not  improbably  be  the  case  with  the  Tashgam  rocks. 

To  the  eastward  of  Dras,  the  slaty  rocks  may  be  traced  across  the  Snm  river 
as  far  as  a  line  running  nearly  from  north-west  to  south-east  through  Mdlhet- 
riing  Station,  where  the  rocks  of  the  great  Triassic  series  appear  to  be  faulted 
against  them.  To  the  south  and  south-east  the  same  slates  overlie  the  gneiss 
of  Snru  and  Bundiim,  and  were  identified  by  Dr.  Stoliczka  as  undoubted 
Silurians.  If,  as  I  infer  from  Dr.  Stoliczka's  notes,  the  gneiss  of  Sum  is  over- 
laid conformably  by  the  slates,  the  former  may  probably  be  the  same  as  the 
gneiss  of  Dris  and  the  Shingo-Shigar  river:  this  question  will  be  discussed 
more  fully  in  the  sequel.  The  Sum  Silurian  slates  have  been  traced  by  Dr. 
Stoliczka  in  a  band  running  south-south-east  from  Bdndilm  to  the  south  of 
Zdnskar,  and  are  there  continuous  with  those  of  North  Lahdl  and  Spiti,  which 
will  be  referred  to  ag^n  in  the  third  section  of  this  paper. 

Returning  to  the  main  axis  of  gneiss  to  the  north  of  Tashgdm,  I  proceed  to 
trace  its  eastward  extension,  and  to  consider  its  relations  to  other  rocks  to  the 
east.  From  the  junction  of  the  Drds  with  the  Shingo-Shigar  river,  the  gneiss 
extends  to  the  south-east  as  far  as  Kargil  and  Chattu,  where  it  is  overlaid  by  the 
Tertiary  series.  From  Kargil  I  have  traced  the  gneiss  down  the  Sum  and  Dris 
rivers  as  far  as  the  Indus,  but  did  not  reach  its  northern  limit.  The  gneiss  in 
this  district  is  sometimes  fine-grained  and  dark-colored,  and  at  other  times 
coarse-grained  and  light-colored.  At  Kargil  a  very  massive  light-colored  gneiss, 
without  any  trace  of  stratification,  underlies  the  darker  and  more  distinctly  stra- 
tified upper  gneiss. 

From  E^rgil  the  southern  boundary  of  the  crystalline  series  runs  in  a  gene- 
rally south-easterly  direction.'  It  keeps  to  the  south  of  the  Indus  till  near  the 
village  of  Dorgu,  when  it  crosses  to  the  northern  bank.  To  the  eastward  of 
Dorgu  the  boundary  forms  a  sinuous  line  along  the  bed  of  the  Indus  for  some 
miles ;  it  then  runs  at  some  distance  to  the  north  of  the  river,  passing  close  to  the 
villages  of  Skining,  Pharka,  Himis,  and  Ling :  from  the  last-named  place  the 
boundaiy  bears  to  the  south-east,  till  it  again  joins  the  Indus  at  Pittak,  south  of 
Leh.  To  the  south-east  of  Pittak  the  southern  boundary  of  the  crystallines 
follows  approximately  the  course  of  the  Indus,  generally  running  somewhat  to  the 
north,  and  has  been  traced  as  far  as  a  point  due  south  of  the  Pangdr  Lake. 

It  now  remains  to  say  something  of'  the  composition,  and  relations  to  other 
rocks,  of  the  Ladik  crystallines. 

To  the  south-east  of  Kargil  along  the  Indus  valley  the  gneiss  usually  consists 
of  the  light-colored  massive  variety,  and  has  generally  a  north-easterly  dip,  so 
that  the  older  beds  appear  along  the  valley  of  the  Indus  and  the  newer  towards 
the  top  of  the  Kail^s  range. 

The  composition  of  the  rock  varies  considerably ;  in  most  cases,  indeed,  the 

1  The  range  on  the  right  hank  of  the  Indos  in  Ladik  has  heen  termed  hj  General  Cunning- 
ham ("  Ladak,"  p.  48)  the  **  KaiUs  range,"  a  name  which  I  adopt  here :  in  the  "  Manual  of  the 
Geology  of  India  "  this  range  is  called  the  "  Lad^k  range."  This  range  forms  a  dominant  branch 
of  the  range  north  of  the  Manasarowar  Lake. 
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rock  is  a  tme  syenitic  gneiss,  consisting  of  qnaiiz  felspar  and  hornblende.  This 
is,  however,  not  always  the  case,  since  I  haye  abready  shown  ^  that  the  gneiss  of 
Dria  has  a  true  granitic  composition,  consisting  of  quartz,  felspar,  and  two  kinds 
of  mica.  Near  the  village  of  Himis,  to  the  west  of  Leh,  I  collected  the  following 
varieties  of  crystalline  rocks,'  viz. — 

Ondfls.  Mica  in  small  flakes.  (Qranitoidite.) 

Syenitic  gneiss :         a.  Fink  orthodase.    (Syenitoidite.) 

h.  White  do. 
P^pmatitic  gneiss.  (Pegmatoidite.) 
Hornblende  rock       a.  Small  crystsls  of  Hornblende. 

h.  Large        ^tto. 

The  hornblende  rock  usually  occurs  in  small  irregular  patches. 

At  Tdnkse,  40  miles  to  the  east  of  Leh,  the  greater  portion  of  the  gneiss  is 
porphyritic,  containing  numerous  crystals  of  white  orthoclase;  near  Shushil, 
45  miles  to  the  south-east,  the  orthoclase  is  pink  colored.  In  the  Chimray 
valley,  on  the  Leh  and  T&nkse  road,  the  gneiss  is  traversed  in  all  directions  by 
veins  of  an  intrusive  rock,  agreeing  with  some  specimens  of  the  albite  granite  of 
Dr.  Stoliczka.  This  granite  is  very  lighircolored,  and  consists  of  quartz,  albite 
felspar,  and  black  mica :  the  latter  occurs  in  large  flakes,  and  not  unfrequently 
forms  a  thin  coating  to  quartz  crystals  of  very  large  size.  This  albite-granito 
intrusion  is  very  characteristic  of  the  central  gneiss.' 

With  regard  to  the  relations  of  the  Laddk  gneiss  to  other  rocks,  the  most 
clear  sections  are  displayed  near  Tdnkse  and  the  Pangong  lake,  and  I  accord- 
ingly commence  with  those  districts.  At  Tdnkse  itself  we  find  the  crystalline 
rock  to  be  a  massive  white,  and  generally  porphyritic,  syenitic-gneiss,  the  higher 
beds  consisting  frequently  of  alternations  of  dark  and  light  bands.  To  the 
south-east  of  the  village  of  Chilam,  near  Tankse,  this  porphyritic  gneiss  is 
distinctly  seen  to  be  overlaid  by  w  bite  and  greenish  quartzitic  sandstones,  black 
and  green  slates,  banded  jaspideo  us  rocks,  a  few  conglomerates,  and  the  peculiar 
massive  half -slaty  half -sandy  rock,  so  characteristic  of  the  Silurians  of  the  Dras 
river.  The  whole  of  the  slaty  series,  both  in  structure  and  in  position,  exactly 
resembles  the  slate  series  of  Dris,  and  there  seems  to  me  but  little  doubt  that 
they  are  one  and  the  same  series.  This  slate  series  forms  a  long  narrow  ellipse 
extending  from  near  Tayir,  in  a  south-easterly  direction,  to  a  point  south  of  the 
Pangur  lake.  The  centre  of  this  ellipse  shows  here  and  there  a  central  core  of 
white  non-porphyritic  gneiss  underlying  the  slates,  and  forming  the  highest 
peaks  of  the  range. 

In  the  Chilam  vaUey  the  northern  boundary  of  this  ellipse  appears  to  be  a 
faulted  one,  as  on  the  north  side  of  that  valley  we  have  hiUs  of  gneiss  with  a 
northerly  dip,  while  to  the  south  there  are  dark  slates  underlaid  by  gneiss  (at 
the  base  of  valley)  with  a  southerly  dip ;  this  fault  is  apparently  continued  far 

1  Bee.  GeoL  Sorv.  India,  Vol.  XII,  p.  19. 

'  In  his  last  notes  (Geology  of  2nd  Tarkand  Expedition,  p.  16),  Dr.   Stoliczka  mentions  the 
Taried  composition  of  the  Ladak  gneiss,  which  he  had  previously  described  as  syenitic. 
<.Stol. :  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  13. 
Mc'Mahon :  Bee.  Geol.  Surv.  India,  Vol  X,  p.  221. 
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to  the  Bouth-east.  To  the  north-west  of  Tdnkse,  the  fault,  on  the  other  hand, 
seems  to  have  died  out,  and  the  slates  appear  to  rest  conformably  in  a  regular  syn- 
cUnal  of  the  gneiss.  Taking  a  transverse  section  to  the  south-west  from  T4nkse 
md  the  Kai  L^  we  find  to  the  east  of  Kai  Tso  the  slate  series  with  a  north-easterly 
dip,  underlaid  conformably  by  the  white  non-porphyritio  gneiss  of  the  Indus 
Yalley.  This  gneiss,  especially  in  its  higher  beds,  contains  not  unfrequently  bands 
of  a  darker  color,  as  we  found  to  be  the  case  at  Tdnkse. 

Some  of  the  slates,  in  the  middle  of  the  series,  between  Tdnkse  and  the  Kai 
Li  have  been  locally  altered  into  a  fine-grained,  dark-colored,  and  generally 
imperfectly  crystallized  gneiss,  quite  distinct  in  character  &om  the  underlying 
white  gneiss.  Further  to  the  north-west  on  the  road  between  Tdnkse  and 
the  Chang  Li,  the  upper  dark  gneiss,  altered  out  of  the  slates,  is  seen 
resting  on  and  passing  down  into  the  white  gneiss  of  Tinkse.  This  section, 
therefore,  establishes  the  important  fact  that  there  exists  in  Laddk  gneiss  of 
two  distinct  ages... one  altered  out  of  Silurian  slates,  and  another  underlying 
such  slates,  but  apparently  also,  at  all  events  partly,  altered  out  of  an  older  con- 
formable series.  This  fact  may  lead,  as  mentioned,  to  the  inference  that  the 
darker  colored  and  higher  gneiss  of  Kargil,  already  referred  to,  may  really 
very  possibly  be  the  altered  Silurians,  though,  as  before  said,  the  question 
cannot  at  present  be  definitely  settled. 

As  ab^ady  stated,  the  white  gneiss  of  the  Indus  valley  dips  generally  to  the 
north-east,  and  the  higher  beds  consequently  form  the  summit  of  the  Kailas 
range.  Along  the  greater  part  of  the  Indus  valley  in  Ladik  the  white  gneiss 
continues  to  the  crest  of  the  range,  but  near  Leh  itself,  below  the  Khardong  Li ' 
and  Liswan  Li,  we  find  the  white  syenitic  gneiss  [overlaid  by  alternating  bands 
of  dark  and  Hght-colored  gneiss  Uke  the  higher  gneiss  of  Tinkse  and  the  Kai 
Li.  This  striped  gneiss  is  again  succeeded  by  an  imperfectly  crystalline,  dark- 
colored,  and  fine-grained  gneiss,  alternating  with  partially  altered  slaty  rocks, 
and  occasional  unaltered  slates.  These  rocks  appear  to  occupy  a  synclinal  ellipse 
in  the  white  gneiss,  the  boundaries  of  which  are  approximately  indicated  on  the 
map.  From  the  nature  and  position  of  these  rocks,  I  have  Httie  doubt  but  that 
they  are  the  altered  equivalents  of  the  slates  to  the  south  of  Tinkse,  and  they 
have  been  colored  accordingly  in  the  map  ;  this  is,  however,  only  a  conjectural 
correlation. 

To  the  northward  of  Leh,  the  crystalline  series  has  been  traced  by  Dr.  Bellew 
along  the  Shahiddla  and  Yarkand  road  as  far  as  Si-Sango  where  it  appears  to 
be  succeeded  by  Silurian  slates. 

Returning  once  again  to  the  Tinkse  district,  we  find  that  the  range  to  the 
south-east  of  Tinkse,  running  parallel  to  the  north-western  half  of  the  Pan- 
gong  lake,  consists  of  the  porphyritio  gneiss  of  Tinkse.  This  gneiss  I 
have  traced  some  distance  to  the  south-east  of  Shushil,  where  it  is  overlaid  by 
Silurian  slates,  connecting  those  to  the  south  of  Tinkse  with  those  of  the  Pan- 
gong  lake,  which  will  be  referred  to  immediately.    On  the  northern  flank  of  the 

1  This  paM  is  called  on  the  Topographical  Sorrey  maps  the  Laowchi  U,  though  it  is  always 
spoken  of  by  the  natives  as  the  Ehirdong  LA, 
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Tdnkso  range,  to  the  north-east  of  Tdnkse,  we  have  a  regular  ascending  series 
of  gneissic  rocks  .  The  higher  beds  become  gradually  interstratified  with  unalteiv 
ed  slates  and  sandstones,  with  some  banded  jaspideous  rocks ;  till  finally  all 
gneiss  disappears,  and  the  series  consists  solely  of  slaty  and  sandstone  rocks, 
corresponding  exactly  in  mineralogical  character  with  the  slaty  series  to  the 
south  of  Tankse.  The  transition  from  the  crystalline  to  the  slate  series  is,  how- 
ever, here  so  very  gradual  that  only  an  arbitrary  boundary  can  be  drawn,  but 
the  higher  gneissic  rocks  are  probably  altered  Silurians. 

The  slaty  series  I  have  traced  to  the  north-west  to  the  Shyok  river,  and  to 
the  south-east,  along  the  whole  length  of  the  Pangong  and  Pangur  lakes :  its 
north-eastern  boundary  I  shall  refer  to  subsequently.  Near  Bapi  Station  to  the 
south-east  of  the  Pangilr  lake,  the  slates  are  underlaid  by  a  core  of  granitoid 
gneiss.  We  have  already  seen  that  to  the  north-east  of  Tankse  there  is  a 
regular  sequence  from  the  crystalline  to  the  slate  series ;  along  the  south-western 
'  shore  of  the  Pangong  lake,  on  the  other  hand,  the  junction  between  the  two 
series  seems  to  be  a  faulted  one,  the  black  slates  and  green  shales  and  sand- 
stones which  form  a  narrow  band  along  this  shore  of  the  lake  dipping  towards 
the  gneiss.  S  till  further  to  the  south-east  the  junction  again  appears  to  be  a 
normal  one.  In  the  mineralogical  composition  of  the  rocks  surrounding  the 
Pangong  lake,  there  is  very  great  variety,  but  with  one  exception  they  consist 
mainly  of  colored  slates,  shales  and  sandstones.  I  have  already  mentioned  the 
composition  of  these  rocks  on  the  south-western  shore  of  the  lake,  and  need  not, 
therefore,  refer  to  them  again.  On  the  opposite  shore,  in  addition  to  the  rocks 
of  the  south-western  shore,  there  also  occur  banded  jaspideous  rocks,  together 
with  the  slaty-sandy  rock  of  the  Drds  river,  and  true  slates  which  weather  to  a 
rusty  red  color  like  those  in  the  neighbourhood  of  Drds,  already  noticed.  The 
mineralogical  composition  of  these  Pangong  rocks  affords  by  itself  alone  abund- 
antly  sufficient  evidence  to  show  that  they  are  the  equiyalents  of  the  slate  series 
of  Dris  and  of  the  country  to  the  south  of  Tdnkse. 

At  the  north-western  extremity  of  the  Pangong  lake,  where  the  original  rela- 
tions of  the  rocks  have  been  greatly  disturbed  by  faulting  and  inversion,  there 
occurs  a  great  local  development  of  a  glistening  white  saccharoid  quartzitic  sand- 
stone or  quartzite,  which  superiorly  gradually  becomes  calcareous,  and  passes 
by  imperceptible  degrees  into  a  pale  blue  limestone.  This  rock  overlies  the  slate 
series  of  the  Pangong  lake,  and  is  apparently  faulted  against  the  ridge  of  gneiss 
to  the  south.  This  very  characteristic  saccharoid  sandstone  and  limestone  is 
precisely  giTT^ilftT  in  mineralogical  composition  to  the  rocks  underlying  the 
Triassio  series  in  South  Bupsu,  which  we  shall  subsequently  show  to  be  probably 
of  Carboniferous  age.  This  identification  confirms  our  conclusion  as  to  the  Silu- 
rian age  of  the  slaty  rocks  of  Pangong  and  Drfis,  the  former  of  which  underlie 
the  sandstone  and  limestone. 

Some  miles  to  the  south-east  of  the  village  of  Shush&l,  at  the  Saki  L^  and 
elsewhere  in  the  neighbourhood,  there  occur  other  outlying  masses  of  blue 
limestones  and  white  sandstones,  which  seem  undoubtedly  to  be  the  same  as 
those  at  the  north-western  end  of  the  Pangong  lake. 
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The  Pangong  slates  lie  to  the  north  against  a  ridge  of  gneiss  which  mns  in 
the  normal  Himalayan  strike,  on  the  line  of  the  Marsemik  pass.  To  the  south- 
east of  the  T4tar  camp  at  Gliagra,  the  slates  appear  to  be  faulted  against  the  gneiss, 
but  to  the  north-west  of  a  spur  of  gneiss  running  towards  the  south  from  Chagra, 
the  slates  conformably  overlie  the  gneiss.  The  highest  beds  of  the  gneiss  consist 
of  alternations  of  light  and  dark  bands,  some  of  the  latter  being  gametiferous, 
like  similarly  situated  gneiss  in  Pangi.^  The  gneiss  of  the  Mdsemik  La  itself 
is  usually  porphyritic  like  that  of  Tdnkse ;  to  the  north-west  it  is  continued  to  the 
▼alley  of  the  Shyok,  and  to  the  south-east  £  have  traced  it  some  distance  over 
the  border  into  Chinese  Tibet.  This  ridge  of  gneiss  appears  to  form  an  anti- 
clinal axis,  since  on  the  north  side  of  the  M&semik  Li  it  has  a  north-easterly 
dip,  and  is  overlaid  conformably  by  slates,  sandstones,  jaspideous  rocks,  and  the 
before-mentioned  massive,  slaty-sandy,  or  trappoid  rock,  so  characteristic  of  the 
Dris  Silurians.  Many  of  the  higher  beds  of  the  crystalline  series  consist  of  a 
dark-colored  homblendic  rock  with  bronssite,  similar  to  a  rock  which  occurs  in 
the  same  position  in  the  Tinkse  valley  section.  These  massive  trappoid  rocks 
were  apparently  considered  by  Dr.  Stoliczka*  to  show  some  signs  of  an  igneous 
origin,  and  also  to  show  some  resemblance  to  the  Silurian  series  of  Srinagar ; 
my  own  opinion  is,  that  none  of  these  rocks  are  of  igneous  origin,  though  they  do, 
undoubtedly,  very  closely  resemble  some  of  the  trappoid  rocks  of  the  Kashmir 
Silurian  series,  some  of  which  have  probably  been  brought  to  their  present 
condition  by  metamorphio  action.'  From  the  summit  of  the  Mdsemik  Li  to 
the  bed  of  the  Ghing-Chenmo  river,  we  have  a  generally  ascending  section 
through  these  same  slaiy  rocks :  a  short  distance  on'  the  north  side  of  the  pass, 
some  of  these  rocks  have  been  locally  altered  into  a  dark-colored  gneiss,  similar  in 
character  to  that  which  I  have  already  referred  to,  as  occupying  a  corresponding 
position  in  the  Tinkse  valley.  On  the  Ohdng-Ghenmo  river,  the  slate  series 
seems  to  be  &ulted  against  massive  Triassic  limestones,  which  I  shall  notice 
again  in  the  succeeding  section  of  this  paper. 

Dr.  Stoliczka*  seems  to  have  considered  that  the  gneissic  rocks  of  the  Mase- 
mik  Li  were  an  altered  portion  of  the  slate  series  of  the  Ching-Chenmo  valley, 
and  that  consequently  both  were  of  Silurian  age.  There  appears  to  me,  however, 
to  be  a  clear  case  of  the  superposition  of  the  latter  on  the  former,  as  in  the 
other  sections  of  similar  rocks  already  described. 

The  rocks  to  the  south  of  the  Ching-Chenmo  valley,  as  I  have  said,  were 
referred  by  Dr.  Stoliczka'  to  the  Silurian.  Dr.  Stoliczka  abo  compares  these 
rocks  to  the  trappoid  rocks  of  Srinagar,  whence  we  may  conclude  that  he  also 
considered  them  to  be  Silurian.  Both  these  rocks  are,  however,  similar  in  char- 
acter to  those  to  the  south  of  Dris,  which  Stoliczka'  at  first  classed  as  Carboni- 
ferousy  but  which  appear  to  me  to  be  Silurian. 

I  Bee.  QeoL  Sary.  of  India,  Vol.  XI,  p.  54. 

*  MaDoal  of  Geology  of  Indin,  p.  663. 

'  See  Bee.  Qeol.  Sorr.  of  India,  Vol.  XI  p.  36,  «t  seq. 
^  Geology  of  Second  Tarkand  Mission,  p.  16. 

*  Ibid,  p.  16. 

*  Mem.  of  the  Geol.  Sarv.  of  India,  Vol.  V,  p.  319. 
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This  completes  the  description  of  the  older  paJsdozoic  rocks  of  the  Drds  district, 
and  of  the  northern  bank  of  the  npper  Indus,  as  far  as  I  am  at  present  acquainted 
with  them.  A  further  discussion  as  to  their  precise  geological  age,  and  as  to 
their  relations  with  the  palaeozoics  of  other  regions  of  tiie  Himalaya^  will  find  a 
more  suitable  place  in  the  concluding  section  of  this  paper. 

II. — Bocks  kobth  of  Chakg-Chenho  Biyebu 

In  the  previpus  section  of  this  paper,  I  have  traced  the  Dris  slaty  series  as 
far  as  the  left  bank  of  the  Ch4ng-Chenmo  river,  where  it  is  separated,  by  what 
seems  undoubtedly  to  be  a  faulted  line,  from  a  totally  distinct  series  of  rocks 
which  forms  the  low  clifEs  on  the  opposite  bank  ;  the  two  series  of  rocks  occur 
on  a  broken  anticlinal  axis. 

The  rocks  on  the  right  bank  of  the  river  are  to  a  great  extent  composed  of 
the  characteristic  white  Triassic  dolomitic  limestone  so  frequentiy  referred  to  in 
my  former  papers :  a  short  distance  north  of  the  river,  these  rocks  are  traversed 
by  a  synclinal  axis.  The  higher  beds  exposed  in  this  synclinal  are  hard  and 
crystalline,  while  the  lower  beds  consist  mainly  of  a  soft  white  dolomite  like  that 
of  Ammdth  cave  in  the  Lidar  valley  of  Kashmir ;  some  soft  reddish  shaJes  and 
a  brecciated  red  conglomerate  occur  locally  in  the  lower  beds.  Megcdodon  is  of 
common  occurrence  in  these  limestones,  and  Dr.  Stoliczka  also  obtained  from 
them  Bicerocardvwm  ;^  thero  can,  theroforo,  be  no  doubt  as  to  their  age. 

To  the  northward  these  Triassic  dolomites  aro  underlaid  by  carbonaceous 
shales,  not  unfrequently  containing  crinoids  and,  according  to  Dr.  Stoliczka- 
fucoids,  and  then  again  by  dark  slaiy  shales,  sandstones,  and  occasional  Hme, 
stones,  forming  a  somewhat  folded  series.  Still  further  north,  these  rocks  are 
underlaid  by  an  anticlinal  of  rocks  which  seem  to  be  the  Silurian  Dris  series, 
which,  according  to  Dr.  Stoliczka,  aro  again  succeeded  further  north  by  Carboni- 
ferous and  Triassic  rocks,  the  latter  probably  forming  the  groater  part  of  the 
dreary  plains  of  Depsang,  to  the  north  of  my  map. 

From  the  rolations  of  the  crinoidal  shale  and  sandstone  series  to  the  Trias 
dolomite,  I  consider  that  the  former  rocks  must  undoubtedly  be  considered  as  of 
Carboniferous  age — an  opinion  also  held  by  Dr.  Stoliczka  who  noticed  their 
resemblance  to  the  rocks  belonging  to  that  period  in  Spiti. 

In  the  Chdng-Chenmo  valley  the  notes  of  Dr.  Stoliczka^  make  mention  of 
some  sandstones  and  conglomerates  which  he  doubtfully  considers  as  the  repre- 
sentative of  the  Ladik  Eocenes.  These  rocks  are  also  much  mixed  with  shales, 
and  when  I  first  entered  the  Chdng^Chenmo  valley,  I  was  at  once  struck  with 
their  resemblance  to  the  Tertiaries ;  the  sections  aro  a  good  deal  obscured  by  debris, 
but  I  found  a  portion  of  a  conglomerate,  which  is  strikingly  like  the  Tertiaiy 
conglomerate  of  Miru  (described  below),  distinctiy  underlying  the  Trias  dolomite; 
and  I  think  that  these  doubtful  rocks  belong  to  the  Carboniferous  seiies,  the 
strong  resemblance  of  which  to  the  Tertiaries  elsewhere  will  be  noticed  in  the 
sequel.     Thero  are  certainly  no  Eocene  rocks  on  the  Pangong  lake,  such  as.  are 

1  Geology  of  Second  Yarkand  Expedition,  p.  17. 
« Ibid.,  pp.  17-18. 
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referred  to  (probably  by  some  clerical  error)  in  the  above-quoted  passage  from 
Dr.  Stoliczka's  notes. 

III. — BOGKS   OF  THB   LaD^K  AND   ZaKSkIr  BASIN. 

I  now  come  to  the  consideration  of  a  series  of  rocks  mostly  newer  than  those 
of  which  I  have  already  treated,  which  occupy  a  large  elliptical  area  bounded 
to  the  north  by  the  crystalline  series  described  in  the  last  section,  and  to  the  west 
and  south  by  the  Silurians  which  rest  on  the  gneiss  of  the  Zdnskdr  range,  already 
described  in  a  previous  paper.'  The  area  occupied  by  these  rocks  comprehends 
a  considerable  portion  of  Ladik  and  nearly  the  whole  of  Zdnskar,  together  with 
parts  of  Bupsu  and  other  districts.  As  Lad^k  and  Zdnsk&r  form  the  greater 
part  of  this  area,  it  may  be  well  termed  the  ''  Ladik  and  Zdnskdr  basin."  The 
whole  of  this  large  area  has  not  at  present  been  completely  surveyed,  owing  to  the 
very  difficult  nature  of  the  country,  but  sufficient  is  known  to  indicate  the  general 
distribution  of  the  rocks.  I  have  said  that  the  greater  portion  of  the  rocks  in 
this  area  are  newer  than  those  previouly  treated  of ;  but  from  the  south-eastern 
eztremify  of  the  basin  a  ridge  of  older  rocks  runs  up,  separating  this  end  of  the 
basin  into  two  divisions.  I  shall  treat  of  the  rocks  of  this  area  in  their  serial 
order,  commencing  with  the  Tertiaries.  It  may  be  observed  that  the  long  axis 
of  this  basin  or  ellipse  has  the  normal  Himalayan  north-westerly  and  south- 
easterly strike. 

The  Tertiaries. 

The  Tertiary  series  forms  the  north-eastern  band  of  the  area  under  considera- 
tion andy  rests  immediately  on  the  Laddk  crystallines.  Coming  from  the  west, 
these  Tertiary  rocks  are  first  met  with  close  to  the  town  of  Kargil,  where  they 
rest  unconformably  upon  a  denuded  surface  of  the  syenitic  gneiss,  and  have  a 
low  and  regular  dip  to  the  south-east.  Masses  of  the  gneiss  may  here  and  there 
be  observed  within  the  Tertiary  area,  protruding  through  the  newer  rocks.  The 
lower  beds  of  the  Tertiaries  near  Kargil  consist  of  soft  grey  and  brown  sand- 
stones, shales,  slates,  and  limestones,  with  here  and  there  bands  of  conglomerate. 
Near  the  village  of  Pashkim  the  dip  of  the  rocks  has  increased,  being  about  40**, 
and  the  higher  beds,  which  are  here  well  exhibited,  consist  of  bright  purple  and 
green  shales  and  sandstones,  with  occasional  bands  of  a  yellowish  sandy  lime- 
stone. 

The  northern  boundary  of  the  Tertiary  zone  is  continuous  with  the  southern 
boundary  of  the  Laddk  crystallines,  and  need  not  be  exactly  traced,  and  I, 
therefore,  at  once  proceed  to  describe  certain  sections  of  the  Tertiaries  which 
will  best  exhibit  the  general  characters  of  these  rocks. 

It  may,  first  of  all,  be  observed  as  a  very  important  point,  that  along  the 
whole  of  the  northern  boundary  of  these  rocks,  from  Kargil  to  south  of  the 
Pangdr  lake,  (a  distance  of  nearly  200  miLes),  the  dip  of  these  rocks  is  to  the 
soutib-west,  and  that  to  the  westward  of  Leh  the  same  dip  continues  (with  an  occa- 
sional exception)  throughout  the  entire  width  of  the  series.  For  some  distance  to 
the  west  of  Leh  this  dip  seldom  exceeds  30"   or  40**,  and  is  of  great  regularity, 

>  Rec.  Geol.  Surv.  of  India,  Vol.  XI,  p.  52. 
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and  free  from  contortions.     To  the  east  of  Leh  these  rocks,  except  along  the 
northern  border,  have  undergone  a  greater  amount  of  disturbance. 

The  sections  which  exhibit  most  clearly  the  relations  of  the  Tertiaries  and 
the  gneiss  are  found  below  the  point  where  the  Kashmir  and  Laddk  road  enters 
the  yallej  of  the  Indus  at  Khalchi.  Near  the  village  of  Inamdoh  the  lower 
Tertiaries,  here  consisting  chiefly  of  slates  and  sandstones,  are  seen  restiag 
unconformablj  upon  a  denuded  escarpment  of  the  gneiss.  The  surface  of  the 
escarpment  has  an  average  slope  of  about  25^  to  the  south-west,  this  slope  being 
irregular  and  bearing  numerous  hillocks  and  hollows  :  the  dip  of  the  gneiss  is 
to  the  north-oast. 

The  Tertiaries  rest  upon  this  sloping  and  denuded  surface  with  a  dip  slightly 
lower  than  the  plane  of  the  slope.  The  lowest  beds  of  the  Tertiaries,  which 
occur  at  the  base  of  the  slope,  are  cut  off  higher  up  by  the  projecting  hillooks 
of  gneiss,  while  the  higher  beds  extend  considerably  further  up  the  slope,  thus 
showing  a  clear  case  of  overlap.  Numerous  analogous  sections  may  be  seen 
in  the  neighbourhood,  but'  the  one  quoted  affords  ample  evidence  to  prove  that 
the  junction  between  the  two  series  of  rocks  is  a  natural  one,  and  that  the  KailAs 
crystalline  range  formed  the  old  shore  line  of  the  gulf  in  which  the  Tertiaries 
were  deposited. 

I  have  said  that  at  Inamdoh  the  lower  Tertiaries  consist  of  slates  and 
sandstones ;  this  composition  is,  however,  not  constant  in  the  neighbonrhood, 
since  we  not  unfrequently  find  the  lower  slates  replaced  by  coarse  conglomerates 
containing  rolled  pebbles  of  the  crystalline  and  other  rocks.  This  conglomerate 
is  of  great  thickness  on  the  Khalchi  and  Dhumkar  (Dhumkur)  streams,  and  it 
seems,  from  here  to  Leh,  to  occur  on  all  the  tributary  streams  descending  from 
the  Kailas  range  of  crystallines  to  the  Indus,  and  not  in  the  intervals  between  such 
streams.  If  I  am  right  in  this  interpretation,  and  I  think  I  am,  we  must  conclude 
that  the  drainage  system  of  the  southern  side  of  the  gneiss  range  followed  the 
same  approximate  lines  during  the  deposition  of  the  Tertiary  rocks,  as  it  does 
at  the  present  time. 

A  transverse  section  from  north  to  south  of  the  Tertiaries  at  Khalchi  may 
be  taken  as  a  typical  example  of  the  series  in  this  district.  The  lower  beds, 
as  we  have  already  seen,  are  composed  either  of  conglomerates,  grits,  sandstones, 
or  slates,  according  to  their  relative  position  to  the  streams.  The  sandstones 
not  unfrequently  show  ripple-mark,  and  the  slates  are  generally  grey  in  oolor, 
very  hard,  and  almost  indistinguishable  in  hand  specimens  from  the  paheozoic 
slates  which  occur  to  the  south  of  the  Tertiaries.  The  succeeding  zone  of  beds 
consists  of  orange  and  brown  calcareous  sandstones,  with  occasional  shales.  These 
are  followed  by  purple  and  green  shales  which  are  almost  indistinguishable 
from  some  of  the  Subdthu  rocks,  and  which  are  well  represented  on  the 
Indus  at  Khalchi  and  Basgo.  Between  the  villages  of  KaJchi  and  Nolra,  in 
the  Indus  valley,  a  thick  band  of  coarse,  blue,  ^elly  limestone  overlies  the 
colored  shales.  This  limestone  may  also  be  seen  on  the  Kashmir  and  Ladik 
road  at  the  junction  of  the  L£ma-Yuru  stream  with  the  Indus,  and  again  on  the 
Zdnskar  river  to  the  south  of  Nimo,   so  that  it  doubtless  forms   a  continuous 
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band.    In  ihiB  limestone  near  Khalchi '  I  found  a  species  of  Turho,  and  nombers 
k  of  little  disks  which   I   believe  to  be   Nmnmnlites,   though  their  structure  is 

f  obliterated.     On  the  Zanskdr  river,  on  the  other  hand,  nummulites  are  extremely 

abondant  in  this  limestone,  and  water-worn  pebbles  exhibiting  sections  of  these 
fossils  show  the  banks  of  the  Indus  at  Nimo.'  The  nummulite,  which  is  charac- 
teristic of  this  limestone,  is,  Mr.  Blanford  informs  me,  N.  raynumdi,  an  Eocene 
species,  which  fixes  the  age  of  these  rocks :  this  species  with  N.  exponens  were 
obtained  from  these  rocks  by  Dr.  Stoliczka. 

In  the  Indus  valley  between  Khalchi  and  Nimo  the  nummulitic  limestone  is 
overlaid  by  several  feet  of  a  coarse  conglomerate,  containing  pebbles  of  the 
underlying  limestone :  this  conglomerate  is  apparently  conformable  to  the  lime- 
stone, and  is  succeeded  by  shales  and  slates.  The  Tertiary  sedimentary  series 
near  Khalchi  may  be  tabulated  as  follows : — 

^  Shales  and  Blates. 
Upfib     ...3  Limestone  conglomerate. 

C  Nummulitic  limestone. 
MiDDLB       {  Purple  and  green  sbales  and  sandstones. 

"  C  Orange  and  brown  calcareons  sandstones  and  shales. 
LowxB   ...     Grey  and  brown  slates,  sandstones,  grits,  or  conglomerates;  the  sandstones 

often  ripple-marked. 

Such  is  the  normal  section  of  the  Eocenes  at  and  below  E^halchi :  above  the 
latter  place,  on  the  other  hand,  a  very  different  condition  prevails  in  the  lower 
beds.  On  the  Saspiil  stream  the  boundary  between  the  Eocenes  and  the  PalsBo- 
zoics  runs  close  to  the  upper  Kashmir  and  Lad^k  road.  The  lower  Eocenes, 
which  are  inclined  to  the  south-west  at  an  angle  of  about  25°,  consist  of  very 
soft  brown  and  yellow  sandstones,  very  frequently  showing  cross-bedding.  In 
these  sandstones  are  embedded  vast  quantities  of  blocks  of  the  gneiss  of  the 
EaiMs  range,  many  of  them  several  feet  in  diameter.  Some  of  the  isolated 
blocks  showed  the  sandstone  strata  bending  down  below  them,  as  if  they  had 
been  dropped  from  above  on  to  the  still  soft  sand  :  two  blocks  were  polished  in 
a  manner  suggesting  ice-action.  The  soft  sandstone,  with  its  boulders,  lies 
unconformably  on  the  gneiss,  corresponding  in  position  to  the  lower  slates  and 
conglomerates  of  the  Khalchi  section  :  it  is  overlaid  by  harder  green  shales  and 
the  middle  Eocenes.  Near  the  village  of  Ling  the  lowest  strata  consist  of  soft 
colored  gypseous  shales  with  occasional  bands  of  a  compact  bufE  limestone ;  this 
limestone  contains  numerous  specimens  of  a  large  species  of  Estheria ;  these 
strata  are  again  overlaid  by  the  purple  Subdthu-like  rocks.  At  Nimo  again, 
there  occur  soft  sandstone  strata  with  embedded  gneiss  blocks,  which  are  very 

1  It  is  mentioned  by  Mr.  Davidson,  in  describing  some  fossils  collected  in  LadiOc  by  CoL 
(then  Capt)  Godwin  Ansten,  (Q.  J.  O.  S.  L.,  VoL  XXII,  p.  88)  that  Hipporites  were  seen 
in  a  rock  at  a  place  called  Kalatys  on  the  Upper  Indns ;  I  think  that  Kalatys  mnst  be  the 
same  place  as  Khalchi,  which  is  also  called  Kalatse.  I  should,  however,  be  very  much  in- 
clined to  donbt  the  occurrence  of  Hippuriiet  either  at  this  place  or  anywhere  else  along 
the  Upper  Indus,  the  course  of  which  lies  in  or  near  the  Tertiaries. 

*  I  spell  this  name  and  numerous  others  without  the  initial  8,  which  seems  generally  to  be 
omitted  in  pronunciation.  Similarly,  Nolra  for  8'Nolra,  Kio  for  S'Kio,  Tok  for  STok.  Pro. 
perly  also  Pit!  for  S'Piti,  but  the  spelling  Spiti  has  acquired  a  general  acceptance. 
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slightly  inclined,  bnt  wliicli  from  their  structure  seem  to  correspond  Trith  the 
lower  Eocenes  of  the  Saspdl  stream ;  their  relations  to  the  higher  Eocenes  are 
not,  however,  well  displayed,  and  to  the  south-east  they  are  concealed  by  a 
modem  boulder  deposit,  which  also  covers  the  base  of  the  Tertiary  series  near 
Leh,  where  it  has  been  much  denuded  away  along  the  valley  of  the  Indus. 
Above  Leh,  however,  near  the  village  of  Arpa,  we  find  the  hard  gneiss  conglo- 
merate occurring  low  down  in  the  Tertiary  series,  underlaid  along  the  bed  of  the 
Indus  by  soft  gravels,  conglomerates,  sandstones  and  clays  with  a  south-westerly 
dip  of  about  15^.  The  conglomerate  contains  pebbles  of  a  trap,  which  is  thus 
shown  to  be  of  in/Va-Eocene  age,  but  whose  origin  is  not  certain :  the  lowest 
conglomerate  also  contains  pebbles  of  blue  limestone  and  buff  dolomite  probably 
derived  from  rocks  of  the  Carbo-Triassio  series,  and  indicating  fonner  outcrops 
of  these  rocks  now  probably  concealed  by  the  Tertiaries.  Occasional  blocks  of 
gneiss,  several  feet  in  diameter,  occur  in  the  sandstones.  From  the  softness  of 
these  rocks  they  have  in  great  part  been  denuded  away  by  the  Indus,  and  only 
patches  remain  here  and  there. 

I  can  but  think  that  ice-action  has  played  some  part  in  the  formation  of 
these  lower  Eocene  strata,  as  it  seems  to  me  very  difficult  to  imagine  that  water 
power  alone  could  have  placed  these  blocks  in  their  present  position  without 
scouring  out  the  soft  sand  in  which  they  are  embedded.  I  have,  however,  no 
positive  proof  to  bring  forward  in  support  of  this  view. 

I  will  now  describe  two  sections  taken  across  the  nummulitics  higher  up  the 
Indus  than  the  former,  the  first  being  an  ascending  and  the  second  a  descending 
section.  The  first  section  is  taken  from  the  Indus  valley  below  Leh  to  Eio  in 
Z&nskdr.  The  lowest  nummulitics  exposed  on  the  Indus  near  the  village  of 
Phay,  consist  of  brown  and  green  sandstones,  mingled  with  coarse  conglomerates 
and  grits ;  the  sandstones  are  often  ripple-marked,  and  the  pebbles  in  the  con- 
glomerate consist  mainly  of  gneiss,  while  the  grits  are  composed  of  coarse 
gneissic  sand  precisely  similar  to  that  which  at  the  present  time  is  found  in  the 
valley  of  the  Indus.  In  the  higher  part  of  the  series,  near  Urlicha^  purple  and 
green  shales  and  slates  succeed  and  partly  replace  the  grits,  forming  an  anti- 
clinal resting  upon  green  and  brown  splintery  shales.  The  higher  slates  contain 
numerous  bands  of  earthy  limestone  abounding  in  nummulites :  the  latter  are 
particularly  common  near  the  village  of  Shingo,^  where  I  also  obtained  a  species 
of  Gojius.  The  rocks  are  here  much  folded,  but  the  foldings  are  regular  and  open, 
and  never  show  the  minute  contortions  and  crumplings  so  characteristic  of  the 
older  rocks.  Some  2  miles  above  thB  village  of  Kio  the  nummulitic  rocks  are 
overlaid  by  several  hundred  feet  of  a  coarse  conglomerate,  which  is  here  nearly 
vertical.  The  relation  of  this  conglomerate  to  the  shales  is  not  very  clear, 
but  it  appears  to  lie  in  a  synclinal  axis,  being  again  underlaid  by  colored 
shales  nearer  Kio ;  the  great  mass  of  purple  shales  are,  however,  unrepresented 
below  the  conglomerates  at  Kio ;  close  to  the  latter  place  the  Tertiaries  are  under- 
laid unconformably  by  Carboniferous  rocks.  The  higher  Tertiary  conglomerate, 
here  and  in  other  parts  of  the  same  line,  contains  numerous  pebbles  of  the 

1  The  Tillage  of  Shingo  is  placed  in  the  Atlas  Sheet  li  or  2  miles  too  near  to  Kio. 
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imderljing  nammaliferotis  limestone,  clearly  showing  that  the  former  rock  is 
the  newest  of  the  Tertiary  series. 

The  next  section  is  taken  down  the  Gia  river  from  Ldtho  to  Upshi  on  the 
Indns.  On  the  left  bank  of  the  river  at  Ldtho  the  upper  conglomerates  are 
nearly  vertical,  but  with  a  slight  northerly  dip :  they  rest  to  the  south  on  green 
and  purple  shales,  with  false  bedding,  which  at  first  sight  has  somewhat  the 
appearance  of  unconformity;  this  is,  however,  but  a  local  condition,  and  on 
either  side  conformability  is  clear.  The  conglomerates,  which  can  be  traced 
continuously  along  the  southern  border  of  the  Tertiary  zone  from  Kio  to  this 
point,  form  a  regular  synclinal  axis,  and  as  they  descend  gradually  alternate 
with  greenish-colored  sandstones :  they  contain  pebbles  both  of  the  older  Tertiary 
and  of  the  neighbouring  Paleeozoic  rocks.  Further  down  the  Oia  river,  these 
conglomerates  are  underlaid  by  green  and  red  shales,  sandstones,  grits  and 
conglomerates ;  and  the  whole  series  is  much  contorted.  Near  the  village  of 
Miru,  the  highly  colored  shales  are  underlaid  by  a  considerable  thickness  of 
conglomerate :  these  conglomerates  contain  chiefly  pebbles  of  gneiss,  of  carboni- 
ferous quartzitic  rock,  of  some  unknown  silicious  rocks,  and  irregular  fragments 
of  the  lower  Tertiary  shale.  This  conglomerate  has  acquired  a  kind  of  false 
slaty-cleavage,  splitting  into  thin  plates,  right  through  the  pebbles,  and  parallel 
to  the  stratification.  Below  the  conglomerate  we  find  an  anticlinal  axis  of  brown 
and  green  crumbly  shales  and  greenish  sandstones,  which  are  again  overlaid, 
towards  the  Indus  valley,  by  the  red  shale  series.  At  the  very  base  of  the  Miru 
anticlinal  there  occur  some  brown  and  black  carbonaceous  shales  alternating  with 
bands  of  quartzite,  which  correspond  so  exactly  in  mineralogical  character 
with  the  Carboniferous  rocks  of  Gia  (see  below),  that  they  are,  I  think,  the 
same.  These  lower  rocks  seem  to  have  the  same  dip  as  the  Tertiaries,  and  as 
the  two  are  very  similar  in  mineralogical  character,  it  is  not  easy  to  distinguish 
between  them.  The  great  similarity  between  the  Eocene  and  Carboniferous 
shales  at  Shargol  will  be  noticed  below.  If  the  identification  of  these  Carboni- 
ferous rocks  is  correct^  it  would  appear  that  we  have  here  a  case  of  parallelism 
between  these  rocks  and  the  Tertiaries,  and  that  the  former  must  have  been  ap- 
proximately horizontal  at  the  time  of  the  deposition  of  the  latter. 

Below  Miru  there  is  an  alternating  series  of  red  and  green  shales  and  sand, 
stones,  with  occasional  bands  of  gneiss  conglomerate.  About  2  miles  above 
the  village  of  Upshi,  these  rocks  are  underlaid  by  hard  and  coarse  gneiss  con : 
glomerate,  several  hundred  feet  in  thickness,  again  underlaid  by  the  softer 
rocks  of  the  Indus  valley,  already  referred  to.  No  nummulites  were  met  with 
in  this  section. 

From  the  preceding  sections  it  seems  to  me  probable  that  the  gpreen  and 
brown  crumbly  shales  of  Mfru  and  UrAcha,  together  with  some  of  the  overlying 
conglomerates,  are  the  equivalents  of  the  lower  gneiss  conglomerate  of  the  Indus 
valley,  since  both  these  groups  are  overlaid  by  the  red  shale  series*  It  is 
further  not  improbable  that  the  red  shales  once  overlapped  the  gneiss  conglome- 
rate in  the  Indus  valley,  and  extended  some  distance  further  up  the  crystalline 
rocks  of  the  Kailas  range. 

It  will  be  noticed  that  throughout  the  Tertiary  series  (above  the  gneiss  con- 
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glomerates),  there  is  evidence  of  local  contemporaneonB  denudation,  and  that  the 
southern  conglomerate  is  formed  in  part  of  fragments  of  the  denuded  nummulitio 
zone,  which  I  have  shown  to  he  relatively  high  up  in  the  series.  I  have  also 
shown  that  these  higher  conglomerates  are  underlaid  by  only  a  small  thickness 
of  shale,  on  their  southern  border,  and  it,  therefore,  seems  probable  that  these 
newer  strata  overlapped  the  older  along  this  border,  such  overlap  being  possibly 
due  to  local  subsidence. 

It  now  remains  to  treat  of  the  southern  boundary  of  the  Eocenes,  in  the  course 
of  which  we  shall  have  to  discuss  a  large  mass  of  volcanic  rocks  which  occur 
along  this  line.  Commencing  our  survey  at  the  western  eztremiiy  of  the  zone,  we 
find  that  the  purple  shales  of  Pashkdm  are  overlaid  by  a  great  mass  of  basaltic 
trap  which  here  consists  of  g^enish  anamesite,  weathering  to  a  pale  brown 
color.  South  of  Pashk&m  the  traps  may  be  traced  continuously  to  Shargol 
(Shergol),  a  width  of  10  miles,  their  western  boundary  running  south-south- 
east from  Kargil  and  adjoining  the  Palaeozoics  of  Tashg&m.  At  Shargol  we  find 
oiith  of  the  main  trap  outflow,  a  band  of  soft  yellow  calcareous  sandstones,  and 
purple,  green,  and  black  shales,  exactly  resembling  the  sedimentary  Eocenes 
of  Pashkim,  and  which  are  doubtless  part  of  the  same  series.  This  band  may 
be  traced  along  the  southern  border  of  the  trap  as  far  as  Mtilbeck.  The  roclm 
of  this  band  are  much  mixed  up  with  trap,  and  in  many  places  within  the  trap 
area  masses  of  altered  sedimentaiy  rocks  are  met  with,  which  are  probably  frag- 
ments of  the  Tertiaries  which  once  extended  continuously  over  this  area>  but 
which  have  been  broken  up  and  altered  by  the  subsequent  intrusion  of  the  trap. 
From  Shargol  the  southern  boundary  of  the  trap  runs  a  little  to  the  north  of 
Mtllbeck,  and  thence  north  of  the  Kashmir  and  Ladak  road.  At  and  near  Bama- 
YurU)  the  trap  is  much  mixed  up  with  PaJaBozoio  rocks  which  I  shall  refer  to 
subsequently ;  east  of  the  last-named  village  the  southern  boundary  runs  north 
of  the  village  of  Wanla,  and  thence  on  the  north  of  the  stream  flowing  from  the 
Choki-Ld.  From  Pashkam  the  northern  boundary  runs  for  some  miles  in  an 
easterly  direction,  then  bends  to  the  south-east  till  it  touches  the  Indus  at 
Khalchi,  from  which  point  it  again  leaves  that  river  and  forms  the  summits  of 
the  high  range  on  the  left  bank,  gradually  dying  out  among  the  sedimentaries  to 
the  west  of  the  Zdnskir  river. 

The  trap  throughout  this  series  consists  of  fine-grained  anamesites,  green- 
stones, basalts,  and  serpentines,  with  occasional  amygdaloids ;  it  is  never  porphy- 
ritic,  and  when  worn  into  pebbles  acquires  a  brown-black  glaze  like  the  darker 
varieties  of  haematite. 

I  have  already  said  that  these  traps  die  out  a  little  to  the  west  of  the  Zdnskir 
river,  in  consequence  of  which  the  main  mass  of  the  sedimentary  Tertiaries  comes 
into  direct  contact  with  the  Carboniferous  rocks,  which  form  the  zone  to  the 
south  of  the  Eocenes.  Between  Eao  and  the  Zinskir  river,  the  Eocenes,  with  a  low 
northerly  dip,  rest  upon  and  overlap  the  Carboniferous  rocks,  masses  of  the 
latter  often  protruding  through  the  former,  showing  that  we  have  another  natural 
boundary,  indicieiting  the  original  southerly  limit  of  the  Eocene  series. 

In  the  Zdnskir  river,  during  its  course  through  the  Tertiaries,  there  were 
found,  during  the  summer  of  1878,  large  masses  of  pure  native  copper  which  had 
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been  waahed  from  ihe  neighbouring  rocks.  The  copper  occurred  in  irregular 
nodules  of  manj  pounds  weight.  I  could  not  disooyer  the  copper  in  sUuy  and  can- 
not therefore  say  positively  whether  it  was  deriyed  from  the  Tertiaries  or  from 
the  older  rocks  further  south.^ 

To  the  south-past  of  Kio  the  Tertiary  boundary  runs  near  the  right  bank  of 
the  Markha  riyer,  crosses  the  Lad&k  and  Kulu  road  at  Latho,  thence  continues 
along  the  left  bank  of  the  Indus  towards  the  Chinese  frontier.  The  coarse 
conglomerates  that  form  the  highest  beds  of  the  series  between  Kio  and  L&tho 
may  be  traced  far  to  the  east  of  the  latter  place.  On  the  Markha  river  between 
those  two  places,  masses  of  trap  occur  on  the  southern  border  of  the  Eocenes. 
This  trap  is  of  a  highly  crystalline  structure,  and  not  like  the  compact  green- 
stones and  serpentines  of  Shargol. 

The  line  of  occurrence  of  this  trap  is  generally  near  the  junction  of  the  Palseo- 
Eoics  and  the  sedimentary  Tertiaries,  as  is  well  seen  near  Gfa,  where  the  trap  has 
dearly  intruded  among  the  PaJsaozoic  limestone,  which  is  here  full  of  Bncrinites. 
On  the  Markha  river  and  to  thesouth-east  of  Gia,  numerous  trap-pebbles 
are  included  in  the  upper  Tertiary  conglomerate ;  but  it  is  not  clear  that  these 
pebbles  belong  to  the  same  mass  of  trap  as  the  one  on  this  line. 

The  large  mass  of  trap  on  the  upper  Indus  above  Leh  forms  a  ridge-shaped 
mass,  extending  be'tween  the  sedimentary  Tertiaries  to  the  north  and  the  gneiss 
of  Bupsu  to  the  south.  The  upper  Tertiary  conglomerate  near  Gfa  and  to  the 
eastward  contains  pebbles  of  trap,  of  crinoidal  Carboniferous  limestones,  of  Rupsu 
gneiss,  and  of  the  lower  Tertiary  rocks.  South-east  of  Gfa  the  band  of  Carboni- 
ferous rocks  dies  out,  and  the  Tertiaries  are  in  direct  contact  with  the  gneiss  of 
Bupsu. 

Along  the  whole  of  the  southern  border  of  the  Tertiaries  to  the  east  of  the 
Zinskir  river,  these  rocks  have  been  much  disturbed,  and  are  not  unfrequently 
inverted ;  from  the  distinct  occurrence  of  overlap  here  and  there,  it  seems  pro- 
bable that  this  boundary,  like  the  northern,  indicates  the  original  limit  of  the 
area  in  which  the  rocks  were  deposited :  the  trap  has,  however,  probably  dis- 
turbed the  original  relations  of  these  rocks. 

The  occurrence  of  nummulites  in  the  higher  Eocene  rocks  proves  that  these 
beds  are  of  marine  origin.  Many  of  the  lower  littoral  beds,  on  the  other  hand, 
from  their  heterogeneous  composition,  and  from  the  frequent  occurrence  of  cross- 
bedding,  appear  to  me  very  probably  to  be  of  fresh- water  or  brackish  origin.  In 
the  lower  beds  near  Kargil,  Mr.  Drew  obtained  some  gastropods  allied  to 
Melaniay  and  some  bivalves  which  seem  to  me  to  be  Uhio  and  Dreissena,  though 
Dr.  Stoliczka*  considered  them  as  Pholadomya  or  Panopcea ;  if  my  interpretation 
be  correct^  it  confirms  the  fresh  water  origin  of  these  rocks,  which  is  borne  out 
by  the  occurrence  of  an  Estherla  near  Leh. 

The  above  facts  lead,  I  think,  to  the  conclusion  that  the  nummulitic  rocks  of 
the  upper  Indus  valley  were  deposited  in  a  narrow  arm  of  the  sea   (as  was 

>  Genenil  Canningham  ("  LacUk,"  p.  22)  says  that  the  name  Zdnskftr  (or  more  correctly  Z^ngs- 
lUir)  meana  "white  copper"  or  brass;  and  at  p.  234  of  the  same  work,  he  concludes  from  this 
meaning  that  copper  mnst  occur  in  that  country,  though  he  could  not  hear  of  iU 

'  Mem.  of  the  Geol.  Surv.  of  India,  Vol.  V,  p.  34& 
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snggesfced  by  Dr.  Stoliczka),  the  Tx>rder8  of  -wlucli  were  rendered  braddsli  by 
tibe  inflnx  of  fresli  water.  Subsequently  to  the  depoBition  of  these  it>ckB,  the 
Boathem  border  of  the  western  half  of  the  zone  was  broken  np  by  a  large  mass 
of  basaltic  trap  which  followed  the  normal  strike  of  the  Himalayan  rocks,  as 
being  in  all  probability  the  line  of  least  resistance.  The  Eail^  range  foimed 
at  a  lower  elevation  the  northern  shore  line  of  this  golf,  while  the  southern 
shore  line  in  all  probability  followed  the  northern  boundary  of  the  Falaoosoics  of 
the  Zdnsk^r  basin,  and  of  the  trap  of  the  upper  Indus. 

At  the  time  of  the  deposition  of  the  nummulitics,  the  upper  Indus  valley 
must  have  been  a  wide  depression  below  the  level  of  the  sea,  flanked  on  either 
side  by  land.     Since  the  Eocene  period  this  valley  has  been  raised  to  an  elevation 
of  10,500  feet  above  the  sea-level  below  Leh,  and  it  is  in  all  probability  owing 
to  this  elevation  that  the  Tertiaries  have  obtained  their  present  generally  south- 
westerly dip.     This  elevation  of  the  Tertiaries   (together,  of  course,  with   the 
surrounding  rocks)  to  the  north-west  of  the  Zdnsk^r  river,  must  have  been  so 
gradual  and   even  as   not  to  disturb  the  original  relations  of  the  rocks,  and, 
judging  from  the  southerly  inclination  of  the  Tertiaries,  was  probably  of  greater 
vertical  extent  ou  the  northern  than  on  the  southern  side  of  the  Indus.     To  the 
south-east  of  the  Z&nskir  river,  where  the  Tertiaries  attain  the  enormous  eleva- 
tion of  21,000  feet  (as  in  Tok  (Kanri)    peak,    opposite  Leh),   the  disturbance 
which  they  have  undergone  is  considerably  greater   than  to  the  west  (where 
their  elevation  is  less),  and  their  southern  boundary  is  often  faulted. 

In  the  former  area,  however,  these  rocks  do  not  seem  to  have  undergone  the 
puckerings  and  crumplings  to  which  the  Palaeozoics  have  been  subjected,  the  move- 
ments causing  which  would  seem  to  have  taken  place  before  the  Eocene  period. 
It  seems  not  improbable,  from  the  prevalence  of  the  south-westerly  dip  in  the 
Tertiaries,  that  their  northern  border  was  first  elevated,  and  that  to  the  east  of 
the  Zansk4r  river,  the  higher  conglomerates  were  deposited  in  a  narrow  valley 
at  the  base  of  this  newly  elevated  Tertiary  land,  which  was  then  rapidly  under- 
going denudation. 

I  am  thus  led  to  the  belief  that  the  great  contortion  which  the  pre-Tertiary 
rocks  of  Ladak  have  undergone  took  place  in  great  part,  at  all  events,  previously 
to  the  nummulitic  period,  and  from  the  presence  of  Jurasso-Cretaceous  rocks  (and 
no  newer  secondaries)  in  Zanskar  (see  below),  that  this  contortion  and  denu- 
dation took  place  in  the  later  Cretaceous  period  when  the  country  (except  the 
Indus  valley)  first  emerged  from  the  sea,  beneath  which  it  has  probably  ever  since 
been  buried.^  From  his  observations  in  the  Sub-Himalayan  region,  Mr.  Medli- 
cott^  came  to  the  conclusion  that  the  contortion  of  the  older  rocks  there  took 
place  after  the  Nummulitic  period,  and  he  pointed  out  the  importance  of  com- 
paring this  relation  with  that  in  the  Central  Himalaya^  where  a  different  condi« 
tion  might  prevail. 

>  Against  this  view  there  is  the  apparent  parallelism  between  the  Tertiaries  and  CSarbonif  erons 
on  the  Qla  river,  which  wonld  indicate,  if  rightly  interpreted,  that  here  the  great  part  of  the 
disturbance  was  of  post-Tertiary  age.  This  is  borne  out  by  the  greater  amount  of  metamorphism 
and  contortion  which  the  Tertiaries  to  the  sonth*east  of  the  Zanskar  river  have  undergone  in  com- 
parison with  those  to  the  north-west. 

>  See  "Manual  of  Geology,  India,"  p.  084. 
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The  Indus  valley  Nummnlitica  seem  to  indicate  tbat  the  enormous  elevation 
of  the  Central  Himalaja  did  not  take  place  at  all  events  tiU  post-Eocene  times, 
while  the  elevation  and  contortions  of  the  enter  Siwaliks  render  it  probable  that 
the  elevation  of  the  whole  Himalaya  has  occurred  in  great  part  since  the  period 
of  the  older  Pliocene. 

It  may  not  improbably  be,  that  in  the  Ladak  Himalaya,  lateral  crushing  had 
taken  place  before  the  Eocene,  and  brought  the  pre-Eocene  rocks  approximately 
into  their  present  positions,  during  which  a  great  smashing  and  crushing  of  these 
rocks  must  have  taken  place ;  the  pre-Eocene  rocks  were  then  denuded.  During 
the  deposition  of  the  Ladak  Eocenes  there  was  a  pause  in  the  lateral  crushing 
action  succeeded  by  another  period  of  lateral  crushing ;  this  second  crushing 
must  have  raised  the  Lad&k  mountains  to  their  present  height,  during  which 
elevation  the  Tertiaries  were  not  so  much  smashed  up  as  the  lower  rocks  during 
the  first  crushing,  but  were,  so  to  speak,  carried  up  on  the  top  of  them.  The 
post-Eocene  period  of  lateral  crushing  was  also  probably  post-Pliocene,  and  was 
the  one  which  also  crushed  up  the  Siwaliks.  These  latter  rocks  with  their 
uhderlying  Nummulitics,  being  on  the  boundaries  of  the  central  elevated  mass, 
would  necessarily  undergo  much  more  crushing  and  smashing  than  the  Eocene 
rocks  of  Leh,  which,  as  I  have  said,  might  be  carried  up  by  the  lateral  movement 
on  the  top  of  the  denuded  older  rocks  with  but  comparatively  little  crushing. 

Older  Bodes, 

I  now  come  to  the  consideration  of  the  pre-Tertiary  rocks  of  the  area  under 
discussion,  and  commence  my  survey  at  the  north-western  end  of  the  basin. 

When  treating  of  the  slaty  series  of  Dr^,  I  have  already  shown  that  those 
rocks  do  not  extend  to  the  westward  of  a  line  running  south-south-east  about 
16  miles  to  the  east  of  the  Kilrtse,  where  they  are  cut  off  by  newer  rocks.  I 
have  also  shown  that  the  Tertiary  zone  does  not  extend  much  to  the  south  of 
either  Shargol  or  Millbeck,  and  a  line  running  at  first  east  and  then  south-east 
of  the  latter  place.  The  rocks  we  have  now  to  consider  occupy  the  angle  between 
the  two  lines,  and  extend  far  to  the  south-east  into  Spiti :  a  few  of  these  rocks 
extend  within  the  Tertiary  area  in  the  neighbourhood  of  Ldma-Yuru. 

Before  going  further,  it  may  be  well  to  mention  that  the  rocks  now  to  be 
noticed  range  from  the  Silurian  to  the  Cretaceous,  and  that  the  great  mass  of 
those  above  the  Carboniferous  consist  of  the  Triassic  series.  Most  of  these  rocks 
were  originally  named  by  Dr.  Stoliczka  in  the  Spiti  district,  where  they  are  all 
fossiliferous,  and  their  divisions  are  tabulated  on  pp.  135  and  seq^,  of  his  above 
quoted  memoir.  The  strata  above  the  Carboniferous  (Kuling)  were  divided 
into  upper  Trias  (Lilang),  Bhastic  (Para  limestone),  upper  Bhsetic  or  Lower  Lias 
(Lower  Taghng),  and  various  higher  groups  of  Jurassic  and  Cretaceous  age. 
In  most  of  the  country  examined  by  me  where  supra-Carboniferous  mesozoio 
rocks  occur,  I  have  'only  here  and  there  been  able  to  identify  the  separate  groups 
of  Stoliczka,  which  all  form  part  of  one  great  rock-series,  easily  recognised  by 
the  great  prevalence  of  limestones  and  dolomites.  I  have  not  been  able  to 
color  these  di£Eei«nt  groups  separately  in  the  map,  and  they  are^  therefore,  all 
embraced  in  the  large  area  colored  sienna  in  the  map,  which  must;  accordingly^ 
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be  understood  to  comprehend  strata  ranging  thronghont  the  upper  Trias  (under 
which  I  include  Bhadtic)  to  strata  of  lower  Liassio  or  upper  Rhastic  (lower 
Tagling)  age.  As  I  shall  notice,  there  may  possibly  be  some  even  newer 
strata  included  here  and  there  in  the  area,  thougb  in  the  absence  of  fossil  evi- 
dence I  cannot  be  certain.  Whenever  I  have  been  able  to  recognise  any  of 
Stoliczka's  minor  divisions  I  have  mentioned  them.  It  may  be  observed  that 
in  his  second  paper  on  Western  Tibet,  Dr.  Stoliczka  was  disposed  to  unite  the 
Trias  and  Bhadtic  ' 

I  commence  my  examination  of  the  pre-Tertiary  rocks  of  the  Zinskdr  basin 
at  its  north-western  extremity. 

To  the  south  and  south-east  of  Shargol  (Shergol),  to  quote  the  words  of 
Dr.  Stoliczka^  •  "  the  higher  hills  all  consist  of  Triassic  limestone,  alternating 
near  the  base  with  rather  highly  metamorphic,  and  sometimes  strongly  carbo- 
naceous shales,  which  it  is  very  difficult  to  distinguish  from  the  Tertiary  beds, 
which  I  have  already  shown  to  occur  to  the  north  of  and  at  Shargol.  Dr.  Sto- 
liczka goes  on  to  say  that  the  determination  of  the  Triassic  limestone  is  tolerably 
certain,  and  that  it  is  the  same  as  that  which  occurs  above  Dd».  The  latter 
was  considered  by  Stoliczka'  as  the  representative  of  the  Keuper  (Lilang)  in  its 
lower  part,  and  apparently  of  the  Para  limestone  in  its  upper  and  more  dolo- 
mitic  part.  We  shall  subsequently  see  that  the  Shargol  limestone  underlies 
other  dolomitic  strata  which  are  probably  the  representative  of  the  Para,  the 
Shargol  limestone  being  the  Lilang. 

It  does  not  appear  that  Dr.  Stoliczka  found  any  fossils  in  the  Shargol  lime- 
stone :  in  the  stream  running  to  that  place  from  the  south  there,  however,  occur 
numerous  blocks  of  a  blue  limestone  full  of  a  species  of  a  large  Megalodimy  though 
I  did  not  find  the  fossil  in  situ.  These  fossils  seem  to  differ  from  Megalodan 
triqtister,*  characteristic  of  the  Para  limestone,  by  the  larger  size  of  the  umbones, 
and  by  the  deeper  groove  between  the  two  valves.  To  Dr.  Feistmanteland  myself 
the  species  appears  to  be  indistinguishable  from  Megcdodon  gryphoides  of  Giimbel,* 
characteristic  of  the  European  Keuper.  W,e  have,  therefore,  pretty  isir  evi- 
dence that  the  Shargol  limestone  is  upper  Trias. 

Dr.  Stoliczka,  in  the  notes  of  the  Yarkand  journey,  goes  on  to  say  that  the 
Triassic  limestone  can  be  traced  to  the  south  of  Kirbu  (£[harbu)  and  the 
Fotu-Li ;  and  he  further  observes,  that  this  limestone  near  Kirbu  and  on  the 
Fotu-Ld  is  underlaid  by  shales,  which  he  classes  as  Carboniferous,  and  which  he 
traced  as  far  as  Lama-Yuru.  These  shales  are  generally  carbonaceous  and  weather 
to  a  peculiar  light  brown  color,  and  as  they  underlie  ihe  upper  Triassic  Shargol 
limestone,  they  may  in  all  probability  be  classed  as  Carboniferous,  since  according 
to  Stoliczka,'  the  Lilang  (upper  Triassic)  series  in  Spiti  overlies  (wiih  here  and 
there  unconformity)  the  Kuling  (Carboniferous)  series ;  the  Permian  and  Lower 

1  Mem.  Oeol.  Suit.  India,  Vol.  Y,  p.  852. 

'  "Scientific  Resnlts  of  Second  Tarkand  Expedition/'  Qeology,  p.  18. 

»  Mem.  Geol,  Surv.  India,  Vol.  V,  p.  349. 

4  '*  Manual  of  Qeology  of  India,"  PI.  II,  figs.  8,  8a. 

•  *'  SxtBungBb.  d.  k.  Akad.  Wien./'  Vol.  XLV,  p.  872,  and  figure. 

•  Mem.  GeoL  Sorv.  India,  Vol.  V ,  p.  84. 
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Triafi  (Mnsohelkalk  and  Bnnter)  being  absent.  Sabseqnently,  however,  Stoliczka 
incidentallj  mentions  ^  shales  of  lower  Triassic  age  in  Bnpsu,  and  it  may  possibly 
be  therefore  that  the  Shargol  shales  (as  I  shall  frequently  style  these  rocks)  are 
partly  of  lower  Triassic  age.  Ab,  however,  they  are  nnf ossilif erons,  and  as  more 
to  the  sonth,  they  overlie  metamorphic  Silurians,  there  is  little  doubt,  both  in 
Stoliczka's  and  my  own  opinion,  that  they  are  mainly  Carboniferous,  and  they 
have  accordingly  been  so  colored  in  the  map. 

Dr.  Stoliczka,  as  I  have  said,  mentions  the  difficulty  which  he  found  in  distin- 
guishing the  Tertiary  from  the  Carboniferous  shales,  and  it  is  not  quite  clear  to 
me  to  which  group  he  referred  some  shales  to  the  east  of  Shargol,  which  I  think 
are  certainly  the  Carboniferous ;  he  speaks  of  '*  lumps  and  patches  of  it  (Trias 
limestone)  sticking  out  of  the  so-called  Tertiary  shales,"  as  if  he  thought^  as  I 
think,  that  the  shales  were  not  Tertiary.  I  incline  to  think  that  the  limestone  in 
these  shales  is  mainly  in  the  form  of  lenticular  masses,  interstratified  with  them, 
though  somie  of  them  may  be  outlying  masses  of  the  Trias  overlying  the  shales. 

Before  disoussing  further  the  south-easterly  extension  of  the  Shargol  shales, 
I  proceed  to  notice  two  sections  taken  from  the  northern  border  of  these  shales 
to  the  south.  The  first  of  these  extends  from  the  Kashmir  and  Laddk  road  near 
Mdlbeck  up  the  ravine  known  as  Mulbeck  Bdng.  Leaving  the  Kargil  river,  we 
first  cross  t^e  blue  limestone  corresponding  to  the  Shargol  Megalodon  beds,  which 
has  a  southerly  dip.  These  rocks  are  succeeded  for  a  distance  of  about  3  miles 
by  alternations  of  hard  and  massive  white,  green,  and  purple  slates,  with  sand- 
stones and  limestones,  the  whole  series  being  much  folded,  and  its  thickness 
difficult  to  estimate ;  these  slaty  rocks  are  much  like  those  of  the  Trias  of  Tilel.' 
The  slaty  rocks  seem  to  be  succeeded  by  a  great  thickness  of  nearly  horizontal 
strata  of  white  dolomites  and  blue  limestones,  like  those  occurring  in  a  similar 
position  in  Tilel,  as  described  in  my  paper  quoted  above,  and  apparently  correspond* 
ing  to  the  higher  part  of  the  Trias  of  Drds  (Para  limestone)  ;  the  slates  between 
the  Megalodon  beds  and  the  dolomites  being  much  thicker  thau  the  intermediate 
(limestone  and  shale)  beds  at  Dras.  The  dolomitio  rocks  continue  across  the 
ridge  at  the  head  of  Mdlbeck  Bdng  in  a  roUing  series  to  the  north  of  Gonpa  Ldma 
Serai,  where  they  were  noticed  by  Stoliczka  (Eangdum  Gonpa),'  and  are  appar* 
ently  faulted  against  the  Silurians  of  the  Dras  series.  Stoliczka  merely  noticed 
these  strata  from  a  distance,  but  speaks  of  them  as  "  secondary  deposits,  un- 
doubtedly of  dilEerent  formations."  As  I  have  said,  I  think,  their  highest  beds 
are  the  topmost  Trias  (Para),  and  the  series  is  undoubtedly  the  same  as  that 
which  I  have  included  in  the  Trias  in  Tilel  and  the  Zoji-La. 

The  second  section  runs  southward  from  the  village  of  Hiniskot^  on  the 
Kashmir  and  Laddk  road,  across  the  Kangi-Ld.  At  Hiniskot  itself  we  find  clifEs 
of  nearly  vertical  blue  and  bufE  limestones,  corresponding  to  the  Shargol  Mega- 
lodon gryphoides  beds,  with  a  few  slaty  beds;  these  rocks  continue  in  a  rolled 
and  much  bent  series  till  within  some  2  miles  of  the  village  of  Kangi,  where 
we  cross  a  synclinal  axis  in  bright  colored  shaly  slates,  again  underlaid  by  the 

1  Mem.  Geol.  Sarv.  India.  Vol.  V»  p.  846. 

s  Bee.  Geol.  Snrv.  India,  Vol.  XU,  p.  21. 

>  Mem.  Geol.  Suit.  India,  Vol.  Y,  p.  847. 
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lower  limestones  nearer  and  at  tlie  village.  The  limestones  seem  lieve  to  form 
an  anticlinal,  overlaid  again  to  the  south  by  the  colored  slates,  with  one  thick 
band  of  soft  and  dark  colored  shales,  containing  large  fermginons  concretionB. 
Higher  np  the  Kangi  stream,  we  find  the  slates  extending  as  far  as  the  village 
of  Ampaltan,  where  we  find  them  gradually  succeeded  by  blue  limestones,  and 
these  again  by  buS  dolomites.  These  dolomites  continue  in  a  rolling  series 
across  the  Kang^-Li  to  the  Silurian  slates  of  Bundum,  where  they  were  colored 
in  an  unpublished  map  of  Stoliczka's  as  Trias.  This  section  is  not  very  clear ; 
the  beds  on  the  north  sure,  I  think,  certainly  the  Lilang,  and  the  southern  dolomite 
the  Para  limestone ;  if  this  be  so  and  the  section  correct,  the  intermediate  slates 
must  also  be  part  of  the  Trias ;  they  resemble  the  similarly  placed  rocks  of  Tilel. 
The  thin  band  of  black  crumbly  shales  at  E!angi  with  concretions  makes  a 
curious  approach  in  mineralogical  structure  to  the  Spiti  shales  as  described  by 
Stoliczka :  the  other  rocks  do  not,  however,  agree  with  the  other  Spiti  Jurassics. 

It  may  be  noticed  that  at  and  below  the  village  of  E^ngi,  there  occur  in  the 
bed  of  the  stream  numerous  pebbles  of  a  crystalline  trap,  with  a  rust  colored 
weathering ;  these  pebbles  have  been  derived  from  a  mass  of  trap  occurring  on 
snowy  peaks,  D  24  and  D  25,  to  the  eastward,  to  which  I  shall  have  occasion  to 
refer  subsequently. 

Returning  to  the  Shargol  Carboniferous  shales,  we  find  them  continued,  as 
we  have  seen  from  Dr.  Stoliczka's  notes,  to  the  eastward  along  the  line  of  the 
Elashmfr  and  Ladik  road :  north  of  Kdrbu  a  few  small  patches  of  Triassic  slates 
and  limestones  are  found  resting  on  the  shales,  and  the  latter  are  a  good  deal 
mixed  with  the  Tertiary  serpentine  trap,  especially  near  the  nummulitic  zone :  these 
shales  were  traced  by  Stoliczka  and  myself,  as  noticed  above,  to  Ldmi-Turu. 
Grossing  the  stream  at  K4rbu  and  proceeding  in  a  north-easterly  direction,,  we 
find  the  Carboniferous  shales  underlaid  by  slaty  rocks,  green,  red,  and  black  in 
color,  which  form  the  summit  of  the  ridge  on  which  Nindam  station  is  situated. 
Among  these  lower  slates  Dr.  Stoliczka*  recognised  the  green  (Silurian)  rock  of 
Drds ;  these  slates  are  much  mixed  up  with  the  serpentine  trap.  At  LdLmi-Yum 
the  Carboniferous  shales  are  underlaid  by  the  same  slate  series  as  occurs  near 
Kirbu,  and  some  beds  of  sandstone,  with  a  south-westerly  dip.  The  same  slate 
rocks  mixed  with  ribband  jaspideous  rocks  like  those  between  Tilel  and  Dr^, 
and  with  the  slaty  sandy  (trappoid  of  Stoliczka)  rocka  of  the  Dr^  river  and  the 
Pangong  lake,  occur  in  a  descending  series  in  the  gorge  leading  from  Lima- 
Yuru  to  the  Indus.  These  rocks  are,  however,  so  intimately  mixed  up  with  the 
Tertiary  trap,  that  it  is  exceedingly  difficult  to  map  them  with  any  accuracy. 
To  the  eastward  I  have  traced  these  slaiy  rocks  to  the  village  of  Wanla,  where 
they  again  underlie  the  Shargol  Carboniferous  rocks.  Dr.  Stoliczka  says*  that 
the  colored  shales  and  slates  underlying  the  brown  carbonaceous  (Carboniferous) 
shales  of  Lama-Yuru  are  the  representatives  of  his  Mdth  and  Bhabeh  series 
(upper  and  lower  Silurian)  :  he  further  thinks  there  are  traces  of  syenite 
(central  gneiss(?)  )  underlying  these  slates,  though  I  did  not  observe  them 
myself.  Near  the  Indus  the  Silurian  slates  are  cut  off  by  the  Tertiaiy  trap. 
From  the  mineralogical  composition  of  the  rocks  in  the  Lima- Yuru  gorge,  they 

^  Geology,  2»d  Tiirkwid  Minion,  p.  18. 
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appear  to  me  to  be  certamlj  the  same  as  the  slate  series  of  Kashmir,  Tilel,  Dr^, 
the  Pangong  Lake,  and  GhAng-Chemno. 

From  the  Fotti-Ld  the  Garboniferons  band  extends  in  a  south-easterly  direction, 
its  northern  boundary  mnning  through  Wanla,  and  thence  slightly  north  of  the 
road  across  th<3  Ghoki-Li  to  the  Zanskar  river,  where  I  shall  take  it  np  subse- 
quently. The  southern  boundary  runs  near  the  village  of  Panjfla,  and  thence  in 
a  south-easterly  direction :  near  the  village  of  Urchi  there  is  a  small  synclinal  in 
the  lower  shale-series,  occupied  by  a  patch  of  the  bright-colored  Triassic  slates 
and  limestones.  Near  Wanla  a  large  proportion  of  blue  limestone  occurs  in  the 
lower  Garbonif erous  shales,  which  is  not  unfrequently  crowded  with  Encrinites. 
Iron  also  occurs  in  these  rocks,  and  is  worked  in  small  quantities.  To  the  south- 
east of  Wanla,  the  Garboniferons  strata  consist  of  black  flaggy  slates,  which, 
however,  weather  to  the  usual  lighi-brown  color,  •  by  which  character  they  are 
readily  distinguished  from  the  older  Lima-Yuru  slates,  which  always  weather 
black. 

Glose  to  Wanla  there  occurs  a  wide  dyke  of  the  Tertiaiy  trap  running  in 
among  the  PalsBOzoics,  which  requires  a  moment's  notice.  On  the  south  side  of 
this  dyke,  between  it  and  the  Garboniferons  shales,  there  occurs  a  considerable 
thickness  of  coarse  vertical  conglomerate,  a  good  deal  altered  by  the  trap,  and  con- 
taining pebbles  of  the  Trias  limestone,  and  of  the  crystalline  trap,  already  noticed 
as  forming  peaks  Nos.  D.  24  and  25.  I  cannot  say  whether  or  no  this  con- 
glomerate corresponds  to  the  higher  Tertiary  conglomerate  near  Gfa ;  but  since 
it  has  been  janmied  in  between  the  trap  and  the  Palasozoics  in  vertical  beds, 
it  affords  the  important  piece  of  evidence  that  it  is  older  than  the  trap,  and  that 
consequently  the  crystalline  trap  within  the  Triassic  area  is  older  than,  and  was 
denuded  at  the  time  of,  the  formation  of  the  basaltic  trap  of  the  Indus. 

A  section  through  the  secondary  rock-series  from  the  village  of  Panjfla,  south 
of  L4ma-Turu,  to  Yelchang  bridge,  on  the  Zinskdr  river,  gives  the  following 
series  of  rocks.  Leaving  the  shidy  Garboniferons  rocks  near  Panjfla,  we  find  the 
overlying  Trias  at  first  consisting  of  hard  purple  and  green  slates,  which  are 
nearly  vertical,  mixed  with  some  calcareous  and  limestone  bands :  these  are 
succeeded  by  softer  and  brighter-colored  slates,  like  those  of  Kangi;  while 
shortly  below  the  village  of  Handpatta  (Hunupatta),  we  come  upon  blue  lime- 
stones with  a  lower  southerly  dip.  From  Hantipatta  to  the  Sirsa  lA  there  is  a 
succession  of  blue  limestones  and  white  dolomites,  with  a  few  slates,  which  form 
a  rolling  synclinal,  the  underlying  poikilitic  slates  again  appearing  beneath  the 
limestones  at  the  pass  itself. 

These  limestones  and  dolomites  appear  to  me  to  be  the  Para  limestones,  and 
they  contain  sections  of  fossils  which  appear  to  be  those  of  Bicerocardium  himo^ 
layense,  charaoteristio  of  this  band.  This  being  so,  the  underlying  slaty  rocks 
must  be  the  Lilang  series,  the  limestones  of  Shargol  being  represented  by 
these  slates ;  this  section  confirms  the  Triassic  age  of  the  rocks  in  the  Kangi 
section. 

From  the  Sirsa  hi  to  the  village  of  Phatoksir  and  thence   across  the   Shingi 
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(or  Shingo,  or  Singlii)  Li'  to  Yelchazig  on  the  Zinsldir  river,  there  is  a  oonti^ 
nnous  succession  of  the  same  limestones  and  shales.  For  ¥rant  of  supplies  I  was 
unable  to  continue  my  journey  beyond  Yelchang,  but  Triassic  (Para)  dolomitic 
limestone  extended  as  far  as  I  could  see  up  the  Zdnskir  yalley.  According  to  Dr. 
Stoliczka'  the  Zinskar  valley  near  Zangla  consists  on  either  side  of  contorted 
Triassic  limestone  (Lilang  ?)  overlaid  by  the  darker  Para  limestone  on  the  higher 
ranges.  To  the  south-east  of  Zangla  near  Niri-Sumdo  (Niri-Chu),  at  the  Sha- 
padok.La,  and  the  Saiji  Ld,  lower  Tagling  limestone  (lower  Lias)  overlies  the  Para 
limestone  ;  these  are  in  turn  overlaid  by  Spiti  shales  in  small  patches  (the  occur- 
rence of  the  latter  is  roughly  indicated  on  the  map  by  yellow  patches,  while  the 
lower  Tagling  is  included  in  the  sienna).  I  have  no  doubt  but  that  the  Trias  of 
Yelchang  id  continuous  with  that  of  Zangla,  with  patches  of  Jurassic  rocks  occur- 
ring on  the  higher  hills.  I  may  observe  that  to  one  who  like  myself  did  not  give 
the  local  names  to  the  di£Eerent  limestones  of  the  great  Trias- Jura  of  this  district 
(for,  as  in  America,  the  Trias  and  Jura  are  one  great  rock  series),  it  is  exceed- 
ingly difficult  to  recognise  these  palasontologically  dilEerent  but  mineralogically 
very  similar  limestones.  General  Cunningham^  observes  that  limestones  are 
found  conidnuously  across  Ziinskdr  from  the  Shinghi-Ld  to  the  Lichi-Long-Ld, 
on  the  Laddk  and  Kulu  road,  where,  as  will  be  noticed  below,  the  Trias  seems  to 
continue  across  Zdnskdr.  I  therefore  conclude  that  the  Triassic  and  lower 
Jurassic  rocks  form,  with  small  exceptions,  the  whole  of  the  central  part  of  the 
great  limestone  ellipse  of  Z4nskdr. 

Near  the  village  of  Thonde,  in  Zdnskdr,  Dr.  Stoliczka  says^  that  "the  Triassic 
beds  are  separated  from  the  Silurian  sandstones  by  a  dark  band  of  a  greenstone- 
like  rock,  which  I  presume  to  be  Carboniferous.''  These  latter  rocks  have  been 
provisionally  so  colored  on  the  map,  as  there  is  a  strong  presumption  from 
their  position  that  they  are  rightly  referred  to  that  formation. 

The  trap  occurring  on  peaks  D.  24  and  25  must  be  post-Triassic  age,  though, 
from  the  amount  of  snow,  I  could  not  examine  it  closely  in  situ.  It  is  distin- 
guished from  the  Shar g^l  trap  by  its  more  crystalline  structure,  and  by  the 
peculiar  rusty  brown  weathering. 

Beverting  once  again  to  the  presumed  Carboniferous  rocks,  which  we  have 
already  traced  as  far  as  the  village  of  Wanla,  we  find  that  from  this  point  they 
continue  across  the  Choki-Ld  down  to  tiie  Zdnskdr  river,  near  the  village  of 
Chiling;  thence  their  northern  boundary  is  continuous  with  the  southern 
boundary  of  the  Tertiaries,  which  we  have  already  traced.     From  Wanla  to  a 

*  Dr.  Thomson  is  sud  to  have  brought  nummnlites  from  this  pass  (Mem.  Geol.  Snrv.  of  India 
Vol.  y,  p.  854) ;  this  seems  to  have  arisen  from  confusing  this  pass  with  the  one  to  the  north-* 
east  of  the  village  of  Shiugo  near  Kio,  which  is  often  called  Shlngl-La,  and  under  which  name  Dr. 
Stoliczka  alludes  to  it  when  he  found  nummnlites  on  it  (sup.  cit.,  p.  844) ;  it  is  rather  strange  that 
the  similarity  of  the  two  names  did  not  strike  Dr.  Stoliczka  when  he  wrote  his  paper.  This  error  is 
repeated  on  page  14  of  the  Geology  of  the  Seoond  Yarkaad  Mission.  Mr.  MedUcott  (Man.  Qeol.  of 
India,  p.  644)  pointed  out  the  probable  error. 

3  Mem.,  Geol.  Surv.  of  India,  Vol.  T,  p.  246. 

»  "  Ladak,"  p.  67. 

«  Mem.,  Geol.  Surv.  of  India,  Vol.  V,  p.  846. 
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long  distance  np  the  Markba  river  these  rocks  have  a  general  south-westerly 
dip,  and  form  a  band  of  very  uniform  breadth  to  the  north  of  the  Trias.  Near 
Kio,  the  lowest  beds  of  the  Carboniferous  series  which  are  exposed,  are  nearly 
vertical,  and  consist  of  blue-black  limestone,  traversed  by  veins  of  yellow  quartz. 
Nearer  Kio  itself,  the  south-westerly  dip  becomes  flatter,  and  the  limestone  is  over- 
laid by  brown  shales  and  blue  slates,  with  many  bands  of  white  and  yellow  quartz : 
many  of  the  slates  contain  bands  of  carbonaceous  matter,  and  are  notunfrequently 
studded  with  small  crystals  of  pyrite.  ^  On  the  Markha  river,  a  little  below  Kio, 
the  yellow  quarts  is  in  great  force,  and  gold-washing  is  carried  on  to  a  consider- 
able extent  in  the  detritus  from  these  quartz-reefs.  At  Kio  and  in  the  neigh- 
bouriiood,  stems  of  Ef^rinites  are  of  very  common  occurrence  in  the  Carbonifer- 
ous limestones,  and  at  that  place  I  obtained  a  coral  closely  allied  to  CycUkophyl- 
lum.  To  the  south-east  of  Eao  the  mineralog^cal  composition  of  the  presumed 
Carboniferous  rocks  has  the  same  general  characters  as  those  described  above; 
the  relative  development  of  the  limestones  and  shales  is,  however,  locally  very 
variable. 

In  noticing  these  rocks  at  Kio,  Dr.  Stoliczka  observes  :*  "  The  nummulitio 
rocks  are  suddenly  replaced  by  slates  and  carbonaceous  limestones  full  of  crinoid 
stems,  which  appear  to  be  of  Carboniferous  age.  All  the  way  up  from  Kew  (Kio) 
to  the  head  of  the  Markha  valley,  nothing  but  these  carbonaceous  crumbly  slates 
occur."  No  fossils  were  found  iu  these  rocks,  and  Dr.  Stoliczka  adds  that  there* 
were  probably  representatives  of  the  Silurian  and  Carboniferous  among  them.  The 
slates  of  Kio  are  frequently  full  of  small  cubical  crystals  of  pyrite.  To  the  north- 
west, as  we  have  seen,  these  rocks  are  continuous  with  the  Shargol  shales  which 
we  have  classed  as  Carboniferous.  To  the  south-west  of  Tso  Moriri,  I  have  traced* 
this  band  into  a  series  of  slates  noticed  by  Dr.  Stoliczka,^  who  observes  that 
"these  slates  can  only  belong  to  the  Killing  (Carboniferous)  series,,  being  perfectly 
identical  with  the  rocks  of  this  (series)  in  minera  logical  characters  and  geolo- 
gical position,  underlying  the  Lilang  limestone." 

There  is,  therefore,  every  presumption  of  the  whole  of  the   blue  bandis  on  the- 
map  being  of  Carboniferous  age. 

To  the  south-east  of  the  valley  of  the  Markha  river  the  band  of  Carboniferous 
rocks  continues  along  the  southern  border  of  the  Kocenes,  till  it  finally  dies  out 
on  the  upper  Indus,  between  the  latter  and  the  gneiss  of  Rupsu.  Qn  the  Gfa 
river  the  Carboniferous  rocks  have  undergone  great  contortions ;  they  consist  at 
0(a  itself  of  brown  weathering  shales  mixed  with  blue  quartzitic  limestones  gen- 
erally in  lenticular  masses ;  the  shales  are  often  quartzitic  and  carbonaceous  ancf 
dip  generally  towards  the  Tertiaries,  which  they  frequently  much  resemble. 

To  the  southward  of  Gia  we  have  at  first  a  folded  series  of  these  rocks,, 
which,  further  to  the  south,  is  underlaid  by  hard  blue  slates  and  micaceous  sand- 
stones, similar  in  structure  and  position  to  the  Silurians  of  Ldma-Turu.    Near 

'  Tlw  oompodtion  of  the  CarbontferOQB  teries  here  is  closely  analogous  to  that  of  the  Kiot 
series  in  the  onter  hills,  which  oonflrms  my  opinion  at  to  the  Carbonifeioiis  age  of  the  latter 
(see  Bee.  Geol.  SurT.  of  India,  Vol.  IX,  p.  160). 

'  Mem.  Geol.  Snrv.  India,  Vol.  V,  p.  3ii. 

'  Hid.,  p.  343. 
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the  Tagalung-Ld  and  to  the  west  of  Balla  St.  there  occurs  a  synclinal  in  tJiese 
rocks,  consisting  of  the  Carboniferons  shales,  qnartz  and  limestones ;  near  the  pass 
large  lenticular  masses  of  pnre  white  saccharoid  qnartzite,  like  that  of  the  Pan- 
gong  Lake,  occur  in  these  rocks.  In  the  centre  of  this  sjnclinal  there  occur  beds 
of  dolomitic  limestones,  mixed  with  some  reddish  shales,  which  are  probably  the 
Lilang  series.  Dr.  Stoliczka,  in  his  notes  on  the  Tagalung-Lai  (Taglang),  does 
not  notice  these  limestone  rocks,  and  apeaks  of  all  the  rocks  as  belonging  to  the 
metamorphic  series. 

The  Carboniferous  rocks  in  the  Tagalung  synclinal  are  underlaid  to  the  sonth 
by  the  slaty  and  sandy  Silurians.  Lower  down  the  Zdra  river  there  is  an  anticli- 
nal, to  the  south  of  which  the  slates  gradually  assume  a  gneissoid  GharaGter,  the 
crystalline  rocks  occurring  as  lenticular  masses  among  the  slates. 

This  gneiss  and  slates  are  again  overlaid  conformably  to  the  south-west  by 
the  carboniferous  rocks  of  Elio.  The  gneiss  and  slate  series  can  be  traced  to  the 
north-west  nearly  to  the  Markha  river,  where  they  form  a  wedge-shaped  mass 
intruding  between  the  Carboniferous  rocks,^  which  here  split  to  receive  them.  To 
the  south-east  the  slates  and  gneiss,  which  form  one  series,  have  been  traced  by 
Dr.  Stoliczka  to  the  south  of  the  Indus,  and  across  Rupsu  to  the  south  of  Tso- 
Moriri  and  were  classed  by  him  as  the  equivalents  of  the  Silurian.  The  gneiss  is 
dark-colored,  and  very  generally  porphyritic,  with  large  crystals,  often  3  or 
4  inches  in  length,  of  gray  orthoclase.  It  is  quite  different  in  character 
from  the  white  gneiss  of  the  Kailas  range,  and  when  non-porphyritic  is  very  like 
the  altered  Silurians  of  T&nkse.  As  the  Bupsu  slates  and  gneiss  directly  underlie 
strata  which  are  certainly  not  newer  than  Carboniferous  they  must  probably  be 
of  Silurian  age,  as  suggested  by  Dr.  Stoliczka,  and  consequently  the  equivalents 
of  the  slates  of  Dras  and  Tdnkse.  It  will  be  noticed  that  the  strike  of  the 
altered  Bupsu  Silurians  is  continuous  with  that  of  the  unaltered  Silurians  of 
Lama  Yuru,  and  the  two  probably  belong  to  the  same  band. 

To  the  south-west  of  the  Silurians  of  Bupsu  the  Carboniferous  rocks,  which, 
as  we  have  seen,  split  near  the  head  of  the  Markha  river,  form  a  continuous  band 
of  nearly  the  same  widths  which  I  have  traced  to  the  south-east  of  the  Kiang- 
Chu  plain,  whence  the  same  band  has  been  traced  by  Dr.  Stoliczka  in  a  south- 
easterly and  southerly  direction  into  Spiti,  and  which,  as  before  said,  to  the  south- 
west of  Tso  Moriri,  underlies  the  Lilang  limestone. 

At  Kiang-Chu  the  Carboniferous  rocks  consist  of  shales,  frequently  containing 
crystals  of  pyrite,  like  those  of  Kio,  and  alternating  with  large  lenticular  masses 
of  blue  quartziferous  limestones ;  these  are  succeeded  by  banded  limestones, 
alternating  with  highly  carbonaceous  shales.  These  shales  continue  for  some  dis- 
tance in  a  Y-shaped  hollow  up  the  valley  leading  to  the  Lichi-Long  hi ;  they  are 
succeeded  by  blue,  buff,  and  white  limestones  and  dolomites  which,  with  the  occa- 
sional exceptions  of  small  patches  of  carboniferous  shales  appearing  beneath  them 
in  the  valleys,  continue  to  near  Lingti.  Near  the  top  of  the  Lachi-Long  pass 
there  seems  to  be  an  anticlinal  of  Carboniferous  shales  underlying  the  dolomites. 
In  these  limestones  and  dolomites  there  are  seen  numerous  sections  of  MegeUodon 

1  Mem.  Geol.  Surv.  India,  Vol,  V.,  p.  343. 
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ftnd  Dtcerocardium^  and  most  of  the  rooks  maj  be  taken  as  the  equivalents  both 
of  the  Lilang  and  Para  limestones : '  fra^fments  of  a  Lima  are  not  uncommon ; 
and  (MM'als  and  crinoids  are  extremely  common  in  these  rocks.  The  thickness  of 
this  dolomitic  series  is  at  least  3,000  feet  near  the  Lachi-La.  In  the  Lingti  valley 
the  Para  limestone  with  Dicerocardium  occupies  the  upper  part  of  the  hills, 
underlaid  by  the  Lilang  limestone;  the  rocks  have  here  undergone  immense 
contortions  and  foldings,  ^o  the  south-west  of  Lingti  the  Triassic  rocks  are 
underlaid  by  blue  and  reddish  shales,  with  white  quartzites  and  blue  limestones : 
from  their  position  and  composition  I  have  little  doubt  but  that  they  are  mainly 
Carboniferous ;  patches  of  similar  rocks,  with  ProdtLctus  and  Spirifer,  were  noticed 
by  Dr.  Stoliczka^  to  the  south-east  of  Lingti  (Tsarap  valley),  underlying  the 
Lilang  limestone  near  Lamaguru  (Yuroo.  Stoliczka).  I  have  traced  the  Carboni- 
ferous and  Triassic  rocks  a  considerable  distance  to  the  north-west  of  Lingti,  and 
they  are  doubtless  continuous  with  the  corresponding  rocks  near  Zangla,  mapped 
by  Dr.  Stoliczka,  overlying  the  Silurians  of  !Padam. 

To  the  south-east  of  Lingti,  Dr.  Stoliczka'  observes  that  above  the  Lilang 
limestone  at  the  bottom  of  the  valley,  the  greater  part  of  the  Tsarap  valley  con- 
sists of  the  Para  limestone  full  of  Dicerocardium  himalayeiise  euid  Meg  alodoti 
teiqueber.  The  Para  limestone  in  this  district  is  of  a  lighi'blue  color,  with  a 
marbling  of  white ;  it  is  very  different  from  the  white  dolomites  of  the  Dras  river, 
which  Dr.  Stoliczka  correlates  with  it ;  the  Triassic  rocks,  however,  appear  to 
me  to  vary  'very  considerably  in  composition.  In  the  upper  part  of  the  Tsa- 
rap valley,  according  to  Dr.  Stoliczka,  the  higher  hills  consist  of  the  lower 
Tagling  limestone  (lower  Lias  ?)  with  TerehroAulte  and  RhynchonelliB :  the  sum* 
mit  of  the  Pangpo-Ld  consists  also  of  the  same  limestone,  while  the  higher  ridges 
near  the  pass  are  capped  with  Spiti  shales,  and  Gieumal  sandstones  (upper  Juras- 
sic) ;  and  fragments  of  the  Ghikkim  (Cretac^us)  limestone  were  also  found  in 
the  neighbourhood ;  these  rocks  must  apparently  rest  unconf  ormably  on  the  lowe? 
Tagling.  To  the  north  of  the  Pangpo^Li  the  lower  Tagling  lin^estone,  accord- 
ing to  the  same  authority,  forms  the  prevailing  rook,  underlaid  for  a  short  dis- 
tance by  the  Para  limestone,  which  appears  to  be  greatly  developed  to  the  south- 
east.    Near  Khiang-Shfsha  the  limestone  belongs  chiefly  to  the  Lilang  group,  and 

'  There  may  probably  be  representatives  of  tbe  lower  Lias  (lower  Tagling)  on  some  of  the 
higher  hills.  On  page  38  of  volume  XXII  of  the  Quarterly  Journal  of  the  Geological  Society, 
Mr.  Davidson  in  describing  some  fossils  collected  by  Colonel  (then  Captain)  6k)dwin-Au8ten, 
mentions  some  Brachiopods,  said  to  have  been  obtained  in  a  light  gray  limestone  "  near  Lacholung- 
L^  north  side,  in  the  Suru  country  in  Thibet/'  In  Suru  there  is  no  Lacholung-La  that  I  am 
awaro  of,  and  I  think  the  place  referred  to  must  be  the  Lachi-Long  L£  in  Rupsu.  The  said 
fossils  are  either  Jurassic  or  Cretaceous,  and  if  the  above  determination  of  locality  be  correct, 
rocks  of  one  or  other  of  these  systems  must  occur  probably  on  the  higher  peaks  around  the 
Lachi-Long.  The  crest  of  the  pass  shows  carbonaceous  shales  in  an  anticlinal  which  I  think  are 
certainly  Carboniferous,  and  undoubted  Trias  rocks  with  Megalodon  occur  near  by.  If  the  patches 
of  newer  rocks  exist  near  the  pass,  they  would  be  on  the  strike  of  similar  rocks  uoiiced  by 
Stoliczka  on  the  heights  above  the  Pang^o  lA. 

»  Mem.  Geo.  Surv.  of  India,  Vol.  V,  p.  342. 

'  Ihid, — I  was  prevented  by  want  of  supplies  from  examining  this  country  more  closely. 
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is  nnderlaid  to  the  north-east,  as  noticed  above,  by  the  Carboniferous  series,  which 
again  overlies  the  metamorphic  Silurians  of  Bnpsn. 

In  the  map  accompanying  this  paper  the  whole  of  the  great  limestone  series 
above  the  Carboniferous,  from  the  Lilang  to  the  lower  Tagling  limestone,  is 
colored  of  one  tint,  and  may  be  called  the  Trias- Jura.  Owing  to  the  variations  in 
the  mineralogical  characters  of  these  rocks,  to  the  general  absence  of  fossils,  to  the 
enormous  contortions  which  the  rocks  have  undergone,  and  lastly,  but  not  leastly, 
owing  to  the  difficult  nature  of  the  ground,  and  the  short  time  that  one  can 
spend  in  these  inhospitable  regions,  it  would  be  quite  impossible  to  map  the 
different  outcrops  of  each  of  the  separate  groups.  Near  Lingti  the  rocks,  which 
I  consider  as  the  Carboniferous,  are  underlaid  by  a  great  thickness  of  hard  dark 
slates,  quartzites,  sandstones,  jaspideous  rocks,  and  the  slaty-sandy  trappoid 
rock  of  the  Dras  river.  These  rocks  which  may  be  traced  across  the  BAral&cha 
pass  into  Lahdl,  I  have  also  traced  to  the  north-west  into  the  Silurians  of  Padam 
and  Zangla  which  rest  upon  the  gneiss  of  the  Zanskar  range,  and  continue 
thence  to  join  the  slaty  rocks  of  Dras,  to  the  south-east  these  rocks  are  con- 
tinuous with  the  f ossiliferous  Silurians  of  the  Bhabeh  pass  and  Miith. 

Speaking  of  the  great  slate  series  at  Lingti,  Dr.  Stoliczka  observes',  *'  Any  one 
acquainted  with  the  rocks  of  the  Muth  series  in  the  Pin  valley  would  find  a]] 
these  represented  here,"  and  speaks  of  the  lower  beds  as  corresponding  with 
his  Bhabeh  group  (lower  Silurian). 

Near  Lingti  the  rocks  are  very  horizontal,  and  the  summits  of  the  ranges  are 
capped  by  shales,  blue  limestones,  and  white  and  purple  quartzites  and  sandstones. 
Some  of[ these  limestones  and  sandstones  seem  to  me  to  be  probably  of  Carboni- 
ferous age,  as  they  correspond  to  similar  rocks  at  Pangong,  and  also  to  rock 
specimens  in  the  Indian  Museum  from  the  Carboniferous  series  near  Muth :  the 
lower  beds  are  probably,  however,  upper  Silurian,  since  Dr.  Stoliczka  found 
a  fragment  of  an  Orthis  in  similar  rocks  to  the  west  of  the  Bdral6cha  (Baraiatse) 
pass.  The  upper  Silurians  and  Carboniferous  (Mdth  and  Kuling)  in  this  district 
and  Spiti  (as  I  judge  from  rock-specimens  in  the  Indian  Museum  collected  by 
Dr.  Stoliczka)  seem  frequently  to  be  very  similar  in  mineral  composition,  and  it 
requires  a  full  series  of  fossils  to  separate  them  distinctly.  The  bine  patches  on 
the  map  in  this  district  must  be  considered  as  only  approximately  of  Carboniferous 
age,  they  mainly  serve  to  indicate  the  distribution  of  the  light-colored  quartzites 
and  shales  on  the  top  of  the  older  slates. 

On  the  BMga  river,  some  miles  below  the  village  of  Darcha,'  the  Silurian  slate 
series  is  underlaid  conformably  by  distinctly  stratified  granitoid  gneiss  ^  which 
Dr.  Stoliczka  recognised  as  his  so-called  '*  central  gneiss,"  and  which,  he  says, 
underlies  undoubted  Silurians. 

This  gneiss  forms  the  southern  limit  of  the  Ladak  and  Zdnskdr  basin,  but 
may  be  treated  of  here.  To  the  north-west  this  gneiss  is  continuous,  with  the 
great  mass  of  gneiss  of   the  Zanskdr  range  and  Sum,    which  I  described  in  a 

>  Mem.  Geol.  Sunr.  of  India,  Vol.  V,  p.  341. 

'  For  this  area  see  my  map  published  in  the  eleventh  volame  of  the  "  Records/'  p.  85. 
'  In  a  previous  paper  (Rec.  Geol.  Surv.  India,  Vol.  XI,  p.  65)  fuUuwiug  Dr.  Stoliczka,  this 
gneiss  was  stated  to  occur  at  Darcha  itself. 
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former  paper,^  but  which  I  could  not  then  certainly  determine  to  be  the 
"  central "  gneiss ;  according  to  Stoliczka's  identification,  this  gneiss  may  now  be 
considered  as  of  pre- Silurian  age,  and  in  this  district  as  having  been  altered  out 
of  an  older  and  conformable  slate-series,  unless  some  hidden  unconformity  should 
exist 

The  rocks  on  the  southern  flanks  of  this  gneiss  ridge  will  be  treated  of  in  the 
next  section,   and  their  general  relations  in  the  last  section. 

IV. — BoGKs  OF  South  Lahi6l  and  Kulu. 

To  the  south  of  the  gneiss  ridge  of  Lahiil,  we  find  an  ascending  series  of  slates, 
with  a  general  south-westerly  dip.  Near  the  junction  of  the  Chandra  and  Bhaga 
riyers,  we  find  blue  limestones,  with  carbonaceous  shales  and  a  few  pale  sand- 
stones, capping  the  slates  in  the  angle  between  the  two  riyers.  To  the  south  a 
laige  mass  of  the  same  limestone  and  other  rocks  overlies  the  slates  with  a  south- 
erly dip,  and  appears  to  be  itself  again  overlaid  by  the  same  slates.  The  lime- 
stones, on  a  more  careful  examination,  are,  however,  seen  to  be  folded  back  on 
themselves,  and  it  appears  probable  that  they  form  a  synclinal,  the  slates  on  the 
southern  side  of  the  synclinal  having  been  bent  over  and  inverted  on  the  lime- 
stones: from  tlieir  physical  characters  there  can  be  no  doubt  but  that  these 
limestones  are  the  same  as  the  limestones  of  North  Lahtil,*  which  are  probably 
partly  upper  Silurian  and  partly  Carboniferous. 

The  Silurian  slates  of  the  Bh^ga  and  Chandra  rivers  I  have  previously 
traced '  into  P&ngi  to  the  north-west,  and  for  some  distance  to  the  south-east. 
Near  the  village  of  Kokser  on  the  Chandra  there  occurs,  at  the  base  of  an  anti- 
clinal in  the  slate  series,  some  very  massive  gneiss,  which,  I  think,  is  in  all  prob. 
ability  the  same  as  the  central  gneiss  of  North  Lahtil.  This  gneiss  is  overlaid  by 
alternations  of  gneiss,  micaceous  rocks  and  slates,  most  of  which  appear  to  pass 
directly  into  the  slates  underlying  the  higher  limestone,  and  which  would,  there- 
fore, seem  to  be  altered  Silurians.  These  rocks  continue  across  the  Botang  pass 
and  down  the  Be4s  valley  nearly  to  the  town  of  Naggar.  Some  of  the  gneiss  is 
very  massive,  and  in  many  cases  seems  to  overlie  the  slate-series ;  this,  however, 
may  be  due  to  inversion,  and  it  seems  to  me  probable  that  some  of  this  gneiss  is 
"central"  gneiss,  while  some  has  almost  certainly  been  altered  out  of  the  overly- 
ing Silurian  slates.  The  series  is,  however,  so  involved  that  I  was  not  able  to 
mark  out  any  bands  as  of  a  fixed  position. 

To  the  south  of  Naggar  we  have  generally  slates  and  sandstones  till  we  reach 
the  infra-Krol  and  Krol  groups  of  Mr.  Medlicott  near  Bajoura,  which  have  been 
already  described  by  him,^  and  to  which  I  shall,  therefore,  not  refer  on  the  present 
occasion. 

^  R«e.  GeoL  Sory.  India,  Vol.  XI,  p.  68. 

)  In  a  fonner  paper  (Rec.  Geol.  Snrv.  India,  Vol.  XI,  p.  64)  I  thought  from  their  nppnreutlj 
lying  among  the  slates  that  these  limestones  formed  part  of  the  lower  Hilurian  series. 

)  Rec.  Geol.  Snrv.  India,  Vol.  XI,  p.  66. 

«  "Hem.  Geol.  Surv.  India,  Vol.  Ill,  pt.  2,  p.  67. 
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V. — Summary  and  General  Conclusions. 

I  now  proceed  to  bring  to  notice  some  considerations  regarding  the  general 
relations  of  the  Ladik  rocks  to  the  rocks  of  the  neighbouring  Himalaya.  In  so 
doing  I  shall  take  the  rocks  in  their  geological  sequence. 

1.  The  Terttartes. — These  rocks  have  been  sufficiently  treated  of  in  the  section 
devoted  to  them*  I  have  only  to  bring  to  notice  the  very  remarkable  resemblance 
in  mineralogical  character  which  exists  between  these  rocks  and  the  correspond- 
ing Eocene  (Subdthu)  rocks  of  the  outer  Himalaya.  We  have  good  reason  to 
believe  that  these  two  groups  of  rocks  were  deposited  in  perfectly  distinct  basins, 
and  we  can,  therefore,  only  conclude  that  this  resemblance  in  mineralogical 
characters  is  due  to  the  Eocenes  of  both  regions  having  been  deposited  under  very 
similar  physical  conditions,  and  to  their  materials  having  been  derived  from  the 
disintegration  of  very  similar  rocks.* 

2.  The  Cretaceous. — As  only  small  patches  of  cretaceous  rocks  occur  in  the 
area  under  consideration,  which  I  have  not  seen  myself,  I  have  no  remarks  to 
make  concerning  them. 

3.  The  Trias-Jura  and  Oarhoniferous. — The  Triassic  and  Jurassic  rocks,  with 
which  the  Carbonifei'ous  are  often  closely  associated,  in  this  area  of  the  Himalaya 
occupy  three  main  elliptical  basins,  viz,,  that  of  Drds  and  Tilel,  that  of  Zinsldr 
and  Ladak,  and  that  of  Kashmir  proper,  while  other  outlying  masses  of  the  same 
rocks  occur  in  the  Chdng-Chenmo  valley,  and  probably  (though  the  correlation  is 
not  certain)  in  the  outer  hills.  In  the  western  part  of  the  area  the  Trias  and  the 
Carboniferous  seem  to  be  very  closely  connected  with  each  other,  and  (especiaUy 
in  Kashmir)  it  is  frequently  very  difficult  to  distinguish  between  the  two,  and, 
as  I  have  said  in  my  last  paper,  some  of  the  rocks  mapped  as  Carboniferous  may 
really  be  Trias,  although  as  the  upper  beds  are  unfossiliferous,  and  of  the  same 
mineral  character  as  the  lower,  except  occasionally,  it  is  difficult  to  distinguish 
them.     No  traces  of  the  Jurassic  rocks   have  been  noticed  in  Kashmir  or  Tilel. 

In  the  ZinsHr  and'  Ladak  basin,  the  Carboniferous  is  very  distinct  from  the 
Trias,  and  according  to  Dr.  Stoliczka,  there  is  sometimes  local  unconformity 
between  the  former  and  the  upper  groups  of  the  latter :  it  may  be  that  the  lower 
Trias  is  represented  in  Kashmir  and  Tilel,  which  would  cause  the  greater  union 
of  the  Carboniferous  and  Trias  in  those  districts. 

In  Spiti  Jurassic  rocks  are  extremely  prevalent,  while,  as  far  as  I  can  judge, 
they  appear  to  become  less  and  less  developed  as  we  approach  the  north-western 
extremity  of  the  Zanskar  and  Ladak  basin  ;  Cretaceous  rocks  are  also  well  deve- 
loped at  the  south-eastern  extremity  of  this  basin,  and  are  represented  only  by 
patches  here  and  there  towards  the  central  part.  It  would  thus  appear  that  in  the 
north-western  portion  of  our  area  the  rocks  of  these  basins  are  older  than  many 
of  those  to  the  south-east,  there  being  a  gradual  increase  in  the  proportion  of 
Trias,  Jura,  and  Cretaceous  as  we  travel  from  Kashmir  to  Spiti. 

The  Trias- Jura    in  these  basins  is  generally  characterised  by  the  great  pre- 

1  It  may  possibly  be  tbat  tbe  Indus  and  onter  HimHlaynu  Eocenes  were  deposited  in  two  arms 
of  a  sea  conuccting  tbe   two  to  tbe  westward. 
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valence  of  whitish  dolomites  and  dolomitic  limestones,  often  locally  alternat- 
ing with  poikilitic  shales  and  slates,  the  relative  development  of  which  varies 
considerably  in  difEerent  districts.  The  Zoji-Ld  slates '  still  remain  a  puzzle 
to  me,  as  I  cannot  correlate  them  with  any  of  the  Laddk  rocks,  though  I  still 
think  those  nearest  the  Trias  are  newer  than  it,  from  the  evidence  of  the  Pahj- 
tami  section.  Some  of  the  metamorphic  rocks  in  the  centre  of  the  ellipse  must, 
however,  I  think,  be  older,  though  it  is  extremely  puzzling  to  imagine  how  they 
are  related  to  the  other  rocks,  and  the  country  is  so  rugged  and  difficult  of 
access  that  it  will  be  very  hard  to  come  to  any  precise  conclusion. 

In  most  parts  of  Zdnskdr,  Ladak,  and  Tilel  the  rocks  above  the  Carboniferous 
form  one  continuous  geological  series,  characterised  by  the  great  prevalence  of 
dolomites  and  limestones ;  except  towards  Spiti,  fossils  are  very  rare,  and  the 
whole  naturally  presents  a  combined  Trias- Jura,  as  in  Americat  Had  no  fossils 
been  found  in  any  of  these  strata,  and  were  geological  nomenclature  to  have 
originated  in  this  district,  the  whole  rock-series  would  be  classed  as  one  great 
system. 

The  great  geological  unity  in  many  districts  of  the  whole  series,  from  the 
Carboniferous  to  the  Jura,  is  a  point  on  which  I  desire  to  lay  great  stress,  as  indi- 
cating the  different  results  arrived  at  by  purely  stratigraphical,  on  the  one  hand 
and  purely  paleeontological  geology,  on  the  other. 

The  Carboniferous  rocks  vary  considerably  in  mineralogical  composition :  in 
many  parts  of  the  valley  of  Kashmir  they  consist  of  pure  blue  limestones,  full 
of  characteristic  fossils ;  while  in  other  districts  of  Kashmir  and  elsewhere,  they 
consist  mainly  of  alternations  of  shales,  slates,  and  limestones,  very  frequently 
containing  crinoids  and  carbonaceous  matter,  and  at  other  times  quite  unfos- 
siliferous. 

From  the  occurrence  of  the  Carboniferous  and  Triassic  series  generally  in 
synclinal  ellipses,  with  their  longer  axes  coincident  with  the  normal  strike  of 
the  Himalayan  rocks,  together  with  the  generally  uniform  mineralogical  cha- 
racter of  the  Trias,  I  think  it  almost  certain  that  these  rocks  once  extended  con- 
tinuously over  the  whole  area.*  It  may  be  that  from  the  varying  composition 
of  the  Carbonifei*ous  series  these  rocks  were  deposited  in  a  shallower  sea  than 
those  of  the  Trias. 

From  the  occurrence  of  no  rocks  newer  than  the  Cretaceous,  and  from  the 
vast  amount  of  denudation  which  must  have  taken  place  to  remove  the  Jura  and 
Trias  from  such  large  areas,  I  am  greatly  inclined  to  believe  that,  with  the  excep- 
tion of  the  Indus  valley  and  a  band  along  the  outer  hills,  this  area  has  been 
land  continuously  since  the  Cretaceous  epoch. 

During  the  past  season  I  have  for  the  first  time  had  an  opportunity  of  seeing 
the  Krol  limestone,  and  desire  to  add  a  few  words  to  my  previous  conclusions 
regarding  it.  It  will  be  remembered  that  I  have  described  a  band  of  limestone 
and  other  rooks  .running  along  the  outer  foot  of  the  Pir  Panjdl  range  ^  under 

'  Rec.  Geol.  Snrv.  India,  Vol.  XII,  p.  17. 

'  I  desiro  to  retract  an  opinion  previonsly  expressed  (Rec.  Qcol.  Surv.  India,  Vol  XI,  p.  48)  that 
the  Carboniferous  rocks  were  deposited  in  separate  basins. 
'  Rec.  Geol  Surv.  India,  Vol,  IX,  p.  160. 
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the  name  of  the  Kiol  series,  which  I  have  regarded  as  the  representative  of  the 
Carhoniferous.  This  limestone  band  I  have  also  considered  to  be  almost  certainlyi 
from  its  composition  and  position,  to  be  the  equivalent  of  the  inverted  band  of 
Krol  limestone  mnning  along  the  foot  of  the  lower  Himalaya  in  the  Simla  dis- 
trict, and  these  opinions  I  still  hold  to. 

I  at  the  same  time  considered  that  the  whole  of  the  limestones  capping  the 
slates  in  the  Simla  district,  which  are  presumed  to  be  the  same  as  the  Ejrol 
of  the  foot  of  the  mountains,  to  be  also  of  Carboniferous  age.  An  inspection  of 
these  Simla  limestones,  with  their  underlying  Blaini  rocks  and  Simla  slates,  has 
shown  me  that  they  agree  so  closely  •  with  the  Carboniferous  and  Silurians  of 
Lahul,  that  I  am  most  strongly  confirmed  in  my  opinion  that  the  slates  are  of 
Silurian,  and  at  all  events  the  lower  limestones,  of  Carboniferous  age.  Mr.  Med- 
licott,^  in  describing  the  infra- Krol  rocks,  notices  in  them  the  great  prevalence  of 
a  carbonaceous  element,  and  in  the  overlying  Krol,  of  limestones  underlain  by 
quartzitic  sandstones.  In  both  these  characters  the  rocks  in  question  agree 
exactly  with  the  presumably  Carboniferous  rocks  of  North  Lahul. 

The  Elrol  limestone  is,  however,  so  much  thicker  than  the  Carboniferous  of 
Lahul  and  Ladak,  that  I  now  incline  to  the  opinion  that  the  u}^r  part  of  it  is 
probably  the  representative  of  the  Trias  of  those  districts.  The  characteristic 
dolomite  is,  however,  wanting,  and  in  the  absence  of  fossils  we  have  no  means  of 
sub-dividing  the  EIrol.  I  have  already  stated  my  opinion  that  the  enormously 
thick  limestones  of  Elashmir  may  be  the  representatives  of  both  Carboniferous 
and  Trias,  and  I  now  extend  this  opinion  to  the  Simla  Krol  limestone  and  the 
Great  limestone  of  the  outer  hills.  In  Kashmir,  as  I  have  noticed  above,  the 
Carboniferous  and  Triassic  series  are  generally  so  closely  related  that  it  is  often 
difficult  to  draw  any  hard  and  fast  boundary  between  them,  and  since  they  often 
vary  locally  to  a  very  considerable  extent  in  mineralogical  composition,  there 
would  be  nothing  extraordinary  in  their  being  still  more  indistinguishably  blend- 
ed together  in  a  region  some  distance  away.  According  to  this  view  the  infra- 
Krol  carbonaceous  shales  would  probably  be  Carboniferous  (with  which  rocks  in 
Lad&k  they  correspond  in  composition  to  a  considerable  extent),  and  both  upper 
and  lower  Trias  and  upper  Carboniferous  may  be  represented  in  the  Krol.  Some 
of  the  shales  in  the  Kiol  are  much  like  those  of  the  infra-Krol. 

4.  The  Silurian. — The  past  season's  work  has  rendered  an  important  contribu- 
tion to  the  geology  of  this  part  of  the  Himalaya,  in  confirming  the  conclusions 
previously  arrived  at  as  to  the  Silurian  age  of  the  great  slate  series.  The  key 
to  this  problem  lies  in  the  Spiti  district,  where  these  slates  contain  Silurian 
fossils,  and  underlie  conformably  the  Carbo-Triassic  rock  series^  and  overlie  the 
*'  central "  gneiss.  From  Spiti  these  Silurian  slates  may  be  traced  through  Z4ns- 
k4r  to  Dr4s  and  thence  to  Tilel,'  where  I  have  elsewhere  shown  that  these  slates 
are  the  equivalente  of  those  of  the  Elashmir  valley,  the  Pir  Panjil  and  the  Kisht- 
war  district.  The  slates  of  P4ngi,'  from  their  relations  to  the  gneiss,  must  in  all 
probability  be  of  contemporaneous  age. 

1  MiUioaI  of  Odology  of  India,  p.  600. 
3  Rec.  Geol.  Surv.  India,  Vol.  XII,  p.  20. 
»  Ibid.,  Vol.  XI,  p.  54. 
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The  slates  of  Lama-Ynm,  T^nkse,  the  Pangong  Lake,  and  the  Chdng-Chenmo 
valley,  from  their  similarity  in  mineral  composition  to  those  of  the  Drds  river 
ore  likewise  inferred  to  be  of  the  same  age,  which  inference  is  strengthened  by 
the  slates  of  Pangong,  which  can  be  traced  into  connection  with  those  of  T4nkse, 
TUiderlying  strata  of  presumed  Carboniferous  age. 

The  slates  and  gneiss  of  Rnpsn,  which  likewise  underlie  Carboniferous  strata, 
must  also  be  placed  on  the  same  horizon. 

5.  The  lower  gneiss, — In  the  foregoing  sketch  it  has  been  shown  that  the 
gneiss  of  the  Kailds  range  conformably  underlies  a  large  thickness  of  slates, 
-which  seem  to  correspond  approximately  in  position  to  the  Silurian :  following^ 
the  same  system  of  nomenclature,  such  gneiss  may  be  termed  Cambrian  gneiss 
as  consisting  of  a  distinct  geological  formation.  It  has  further  been  shown  on  a 
previous  occasion,*  that  the  gneiss  of  the  Zdnskdr  range  and  of  Kashmir  is  simi- 
larly situated  in  regard  to  the  slates  of  those  districts,  which  are  also  classed  as 
Silurian ;  there  is,  therefore,  considerable  primd/acie  evidence  that  all  this  gneiss 
is  contemporaneous. 

It  now  remains  to  consider  whether  any  or  all  of  such  gneiss  is  equivalent  to 
the  ''central*'  gneiss  of  Dr.  Stoliczka.  It  appears  from  the  sections  of  the  gneiss 
and  Silurians  in  the  Spiti  district,  where  the  ''  central  gneiss"  was  first  named, 
that  that  gneiss  is  unconformable  to  the  Bhabeh  Silurians,  though  this  is  not 
clearly  stated  in  the  text :  if  this  be  true,  the  central  gneiss  existed  as  such  at  the- 
time  of  deposition  of  the  slates.  Dr.  Stoliczka,  however,  himself  recognised  the 
gneiss  of  North  Lahul  as  "  central  gneiss," '  and  also  suggested  that  some  of  the 
gneiss  of  the  Zdnskdr  range  to  the  south  of  Padam  and  Suru  belonged  to  the 
same  foimation.     No  evidence  of  unconformity  can  be  seen  in  this  section. 

It  has  been  noticed  in  my  paper  on  the  gneiss  of  the  Zdnskar  range '  that 
possibly  some  portion  of  the  latter  was  gneiss  at  the  time  of  the  deposition  of  the 
Silurians ;  and  it  was  suggested  that  such  gneiss  might  be  the  equivalent  of  the 
''  central  gneiss."  It  was  also  shown  on  that  hypothesis  that  the  gneiss  in  North 
Lahdl  identified  by  Dr.  Stoliczka  as  "  central  gneiss,"  must,  if  rightly  identified, 
be  unconformable  to  the  overlying  Silurians.  But  until  the  conformity  or  uncon- 
formity of  the  central  gneiss  is  elsewhere  settled,  it  cannot  be  settled  here. 

It,  therefore,  seems  pretty  clear  that  the  "  central  "  gneiss  is  represented  in 
the  Zdnskdr  range,  but,  as  I  have  said  in  my  above  quoted  paper,  how  much  or 
how  little  of  such  gneiss  is  "  central  gneiss  "  cannot  be  determined.  Similarly, 
in  the  Kail^  range,  it  is  probable,  in  my  opinion,  that  the  lower  massive  gneiss 
may  be  the  central  gneiss,  and  therefore  unconformable  to  the  higher  gneiss 
beds,  if  the  central  gneiss  is  always  so :  how  much  or  how  little  of  the  central 
gneiss  occurs  there  I  cannot  possibly  say.  As  in  my  other  maps,  the  whole  of 
the  gneiss  underlying  the  Silurian  slate  series  has  been  colored  the  same  tint^  and 
has  been  called  central  gneiss ;  this  gneiss  must,  however,  include  both  the  gneiss 
conformable  and  that  unconformable  to  the  slates  (if  there  be  such)  and  migb  b 
rather  have  been  called  Cambrian  and  central  gneiss. 

>  R«c.  6eol.  Sorv.  India,  Vol.  XI,  p.  69. 

*  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  341.    Rec.  Geol.  Sur? .  India,  VoL  XI,  p.  69. 

*  B«c  Qeol.  Sanr.  India,  Vol.  XI,  p.  60. 
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The  enormons  thickness  of  slates  oyerljing  the  gneiss  in  T&ngi  and  in  Ch& 
Chenmo  appears  to  me  to  be  at  least  as  thick  as  the  slates  in  the  Bhabeh  sectdon. 
It  would,  therefore,  seem  on  the  unconformity  hypothesis  that  such  gneiss  as  coxl- 
formably  underlies  the  Silurians,  and  which  I  call  Cambrian  gneiss,  is  u'nrej>ro- 
sented  in  that  section.  How  thick  or  how  thin  this  conformable  Cambrian  gneiss 
may  be,  or  whether  it  is  the  same  as  the  central  gneiss,  I  cannot  say.  In  ot;Hex' 
places,  where  the  slate  series  is  thinner,  some  of  the  great  underlying  gaeiss 
series,  as  I  have  said  in  my  previous  papers,  may  correspond  to  part  of  the  Silii- 
rians  of  the  Bhabeh  section. 

I  have  already  stated  that  the  gneiss  of  the  Kailis  range  dix>B  to  the  north, 
and  that  the  oldest  beds  are  consequently  exposed  along  the  valley  of  the  Indus : 
and  I  have  also  shown  that  when  the  Palaeozoic  rocks  appear  along  the  valley  oi 
the  Indus  beneath  the  Tertiaries  that  they  are  either  of  Carboniferous  or  nppe^f 
Silurian   age.     We  may,  therefore,  pretty  safely  conclude   that  the  soutliei^ 
boundary  of  the  KaiHs  gneiss  is  a  faulted  one. 

Dr.  Stoliczka  did  not  apparently  observe  the   relations  of  the  gneiss  o£   *«,/f 
Kailas  range  to  the  overlying  slates,  and,  apparently  identifying  it  with     *^ 
gneiss  of  Kupsu,  came  to  the  conclusion  that  all  the  Laddk  gneiss  was  of  Silnt7Htt 
age,  a  view  which  in  a  previous  paper  *   I  accordfngly  adopted,  before  I  had  p^^ 
Bonally  examined  the  relations  of  the  rocks  in  situ.     This  view  was,  of  course 
adopted  in  the  "Manual  of  the  Geology  of  India'."     With  regard  to  the  objec- 
tion that  the  Laddk  gneiss  differs  in  composition  from  the  central  gneiss,  I   may 
state  that  I  have  elsewhere  '  shown  that  the  gneiss  of  Drds  is  frequently  granitic 
in  composition,  and  that  there  is  also  a  great  variety  in  the  composition  of  the 
Ladik  gneiss,  granitic  gneiss  being  not  uncommon  among  the  syenitic  varieties. 
The  presence  of  veins  of  albite  granite  in  the  gneiss  of  the  Kailas  range  in  the 
Chimray  valley  is  another  point,  as  far  as  it  goes,  connecting  this  gneiss  with  that 
to  the  south. 

A  general  survey  of  the  map  from  north  to  south  shows  a  series  of  gneissic 
ridges  (Dhaoladhar,  Pir-Panjal,  Z&nskdr,  and  Kailds)  running  from  south-east  to 
north-west,  the  hollows  between  which  ridges  are  sometimes  occupied  by  nor- 
mally overlying  Silurians,  and  sometimes  by  newer  rocks,  which  have  been 
faulted  down. 

Additional  Observations. 
In  conclusion,  I  may  add,  that  I  have  lately  found  a  series  of  Carboniferous 
fossils  in  the  Indian  Museum,  which  were  sent  by  Mr.  F.  Drew,  and  were  ob- 
tained in  the  Ward  wan  valley,  a  little  above  the  village  of  Sdkness.*  These 
fossils  comprehend  the  characteristic  Carboniferous  Fenesiellm,  Productt,  and 
SpiriferSf  and  occur  in  a  black  shale  like  that  of  Eishmakam  in  the  Lidar  valley 
of  Kashmir.  Some  dolomitic  limestones,  also  sent  by  Mr.  Drew  from  a  point  still 
higher  up  the  Wardwan,  appear  to  belong  to  the  Trias. 

>  Rec.  Geol.  Sarr.  India,  Vol.  XI,  p.  59. 
3  Page  663. 

»Bec.  Geol.  Surv.  India.  Vol.  XII,  p.  19. 

<  See  map  and  paper   by  myself  in  "  Records,"  Vol.  XI.    Sdknew  is  aboat  16  miles  north  of 
Inshin. 
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Near  Avantipdr  in  Kaslimfr,  I  found  this  season  some  Carboniferous  fossils 
in  the  higher  beds  of  the  trapx>oid  rocks,  showing  that  some  of  these  extend 
npwards  into  the  Carboniferous. 


Tebth  of  Fossil  Fishes  trom  Ramhi  Island  and  the  Punjab,  ly  R.  Lydbkker, 

« 

B.A.,  Geological  Survey  of  India, 

DtODON. 

Among  the  collection  of  fossils  transferred  to  the  Indian  Museum  from  the 
Asiatic  Society  of  Bengal,  there  occurs  the  palatal  tooth  of  a  fish,  said  to  have 
been  obtained  from  Bdmri  (Bamree)  Island,  off  the  Arakan  Coast,  bj  Captain 
Foley.  This  tooth  consists  of  a  series  of  horizontal  and  oval  plates,  lying  one 
above  another.  'Each  plate  is  divided  by  a  vertical  line  into  symmetrical  lateral 
portions,  and  the  lowest  plate  seems  to  have  lately  separated  from  another  in- 
ferior plate.  Superiorly  the  tooth  is  bevelled  away  by  an  oblique  and  concave 
surface  of  detrition,  exhibiting  a  section  of  the  edges  of  each  of  the  component 
plates.  The  longer  diameter  of  the  lowest  plate  is  1'2  inches,  and  the  shorter 
0'7  inch.  The  above  description  will  clearly  show  that  the  tooth  belongs  to 
the  genus  Biodon, 

A  precisely  similar  tooth  was  obtained  by  Mr.  Wood-Mason  at  Port  Blair, 
in  the  Andamans,  in  a  sandstone  rock. 

With  regard  to  the  age  of  the  deposits  from  which  these  teeth  were  obtained, 
it  appears  from  Mr.  Mallet's  paper  on  the  *^  Mud  Volcanoes  of  Ramri  and  Chedu- 
ba,'"  that  the  author  considers  the  Ramri  rocks  to  be  of  Nummulitic  age: 
Air.  Blanford,  in  the ''Manual  of  the  Geology  of  India,^'' also  classes  most  of 
the  Ramri  rocks  as  Nummulitic,  but  thinks  that  some  on  the  eastern  side  of  the 
island  may  be  of  cretaceous  age.  The  rocks  of  Port  Blair,  according  to  Mr. 
Blanford,'  are  similar  to  those  of  the  Arakan  Yoma,  which  (p.  713)  are  also 
Cretaceous  and  Nummulitic.  From  the  majoiity  of  the  rocks  in  Ramri  Island 
•being  of  Nummulitic  age,  and  from  Diodon  not  being  known  elsewhere  below 
the  Eocene,  I  think  it  most  probable  that  the  fossil  teeth  are  of  Nummulitic 
age. 

The  living  Olobe  Fishes,  according  to  Dr.  Gray,*  are  inhabitants  of  all  the 
warmer  seas,  and  comprise  four  species,  of  which  D.  Jiystnx  alone  inhabits 
the  Indian  Ocean.  Of  the  latter  species  I  have  examined  a  small  specimen, 
some  10  inches  in  length.  In  that  specimen  the  teeth  are,  of  course,  much 
smaller  than  our  fossil  specimen,  but  as  the  living  species  grows  to  a  very  large 
size,  no  distinction  can  be  drawn  on  these  grounds.  In  D.  hysirix,  however, 
the  worn  surface  of  both  upper  and  lower  teeth  is   quite  flat,   while  in  the  fossil 

>  Rec.  Geol.  Surv.  of  India,  Vol,  XI,  p.  19i. 

«  p.  717. 

»  loe,  cit,  p.  733.     . 

<  Brit.  Mug.  Cat.  of  Fishes,  Vol.  VIII,  p.  306. 
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tooth  this  surface  is  markedly  concave.  Owing  to  the  difficnlty  of  seeing  the 
teeth  in  the  jaw  of  B.  kystrix,  I  could  not  institute  any  closer  comparison. 
I  have  no  opportunity  of  comparing  the  teeth  of  the  three  other  living  spedes 
with  the  fossil. 

Of  the  fossil  Diodons,  D.  ienuispintUf  from  the  Eocene  of  Monte  Bolca,  is  a 
small  species/  while  our  fossil  is  a  large  one.  D.  scilla,^  from  the  Tertiaries 
of  Southern  Italy,  seems  to  have  the  edges  of  the  plates  of  the  teeth  crenulated. 
The  teeth  of  D.  erinaceus '  seem  to  be  unknown.  The  teeth  of  D.  vetua,  from 
America,*  seem  to  have  had  triangular  plates.  A  Biodon  has  been  mentioned  by 
Professor  L.  Adams  *  aa  occurring  in  the  Miocene  of  Malta,  but  has  not  been 
specifically  named. 

Although  I  cannot  be  certain  of  the  specific  distinctness  of  the  Bdmri  fossil 

toothy  I  yet  think,  that  as  it  seems  to  belong  to  a  distinct  species  from  the  species 

now  living  in  the  Indian  Ocean,  and  afl  it  is  very  difficult  to  refer  to    specimens 

without  distinct  names,  I  shall  do  well  if  I  provisionally  call  the  fossil  Diodon 

foleyi,  after  the  discoverer  of  the  Bdmri  specimen. 

On  page  35  of  the  3rd  part  of  the  1st  volume  of  the  IVth  series  of  the 
"  Palasontologia  Indica,"  the  Bimri  tooth  is  referred  to  as  of  cretaceous  age. 

The  occurrence  of  the  fossil  Diodon  in  the  Eocenes  around  the  Bay  of  Bengal, 
and  the  existence  there  of  a  living  species,  would  seem  to  indicate  that  the 
genus  has  inhabited  the  Indian  Ocean  continuously  sinoe  the  Eocene. 

GAnTODUS. 

The  genus  Oapitodtu  was  made  by  Count  Miinster '  for  the  reception  of 
certain  jaws  and  teeth  of  fishes  from  the  Miocene  of  the  Vienna  basin.  These 
fishes  were  furnished  with  palatal,  and  peculiarly  flattened  incisor  teeth.  Count 
Miinster  classed  them  among  the  Ghmoids ;  but  M.  Agassiz  ^  considered  that  they 
belonged  to  the  Sparoid  Teleosteans  (Breams  and  Sea-Breams),  which  seems  to 
be  the  more  probable  view.  GapUodtu  trwncatuB  has  been  subsequently  described 
from  the  Miocene  of  upper  Silesia  ,*  I  am  not  aware  that  any  new  species  of  the 
genus  has  been  recorded  since  the  original  five  species  described  by  Miinster. 
Bome  years  ago,  however,  Mr.  Wynne  sent  to  the  Indian  Museum  a  fish-tooth 
from  the  beds  overlying  the  nummulitic  salt  zone  of  Kohdt,  which  by  Dr. 
Feistmantel  and  myself  has  been  determined  to  belong  to  the  genus  Oapitodus. 
The  tooth  is  one  of  the  so-called  incisor  teeth,  and  has  a  broad,  laterally  expanded 
crown,  the  dentition  of  which  is  worn  obliquely  and  concavely  on  the  inner  surface. 
The  external  surface  is  coated  with  hard  shining  enamel,  and  is  convex  laterally ; 
the  base  of  the  crown  is  anchylosed  to  a  bony  pedicle,   which    must    once 

Fictet:  "Traits  de  Pal^ontologie,"  Vol.  II,  p.  128. 

Ibid. 

Ibid. 

Lddy  :   Pro.  Acad.  Nat.  Sci.,  Philadelphia,  Vol.  VII,  p.  897. 

Quar.  Jour.  Geol.  See.,  Vol.  XXXV,  p.  529. 

Beitrage  zur  Petrefacten  kunde,  Bayreuth,  1839—46. 

Bronn :  Index,  Pal^nt,  Nomenclator,  p.  214.  ^ 

lioemer :  "  Geologte  von  Oberachlesien,"  Breslau,  1870,  pi.  XLVIH,  flg.  4. 
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liaye  joined  the  jaw.  The  width  of  the  crown  is  0*7  inch,  and  its  height 
0*4  inch. 

The  general  form  of  the  crown  of  this  tooth,  and  its  wear,  is  much  like  that 
of  the  incisor  of  GapUodua  truncattts ' ;  the  crown  is,  however,  proportionally  mnch 
wider  in  the  Indian  than  in  the  European  tooth.  The  other  European  species 
have  still  narrower  incisors.  The  Indian  tooth  belongs  apx)arentl7  to  a  distinct 
species,  which  I  propose  to  name  0.  indicuB. 

The  strata  from  which  the  tooth  was  obtained  are  probably  of  npper  Eocene 
age.  The  genns  Gapttodus  seems  to  be  closely  allied  to  the  living  Sparoid 
8a/rgu8^  bnt  is  distinguished  by  its  broader  incisors.  The  Indian  species  carries 
the  genus  back  to  the  upper  Eocene. 


NOTI  ON  THR  FOSSIL  OBNEBA  Noggerothiay  Stbq.,  Noggerathiopsis,  Fstm.,  and 
EhiptozamiteSf  Schmalh,  in  PALiBozoic  and  sbcondabt  bocks  of  Eubope,  Asia, 
AND  AusTBALiA,  hy  Ottokab  Feistmantel,  H.D.,  Paleontologist,  Geological 
Survey  of  India, 

In  my  Flora  of  the  Talchir-Karharbari  beds,  I  had  occasion  to  notice  what 
was  then  known  regarding  th6  systematical  position  of  the  genus  Noggerathia^ 
and  also  to  show  the  reasons  why  I  thought  that  certain  leaves  of  the  Indian 
coal  beds,  described  as  Noggerathia,  differ  from  this  genus  in  the  proper  sense ; 
I  accordingly  named  them  NoggerathiopsiSf  leaving  them  with  the  Gycadeacea. 
At  that  time  I  could  not  refer  to  the  Australian  Noggerathia ;  but  later  exami- 
nation and  comparison  have  shown  that  the  Australian  leaves,  also  called  Nog^ 
geraihia^  do  not  generically  differ  from  the  Indian  Ndggerathiopsia,  and  have 
therefore  to  be  also  classed  with  this  genus. 

In  India  the  leaves  seem  to  represent  one  species  only,  with  about  one  or  two 
varieties ;  they  are  known  from  (a)  The  Talchir-Karharbai  group,  and  (h)  from 
the  Baniganj-EIimthi  group. 

In  Australia  this  genus  is  kuown  to  begin  in  the  lower  coal-measures  (below 
the  first  marine  fauna),  from  which  I  described  one  species  as  Noggerathiopsis 
prisca.  It  is  more  numerous  in  the  upper  coal-measures  (Newcastle  beds),  from 
which  two  species  of  Noggerathia  were  described  by  Dana ;  they  should  now, 
of  course,  be  classed  with  Ndggerathiopsis, 

There  is  a  close  representative  of  this  genus  in  the  Siberian  Jura,  i.e.,  in  the 
Kusnezk  basin  of  the  Altai,  and  on  the  Lower  Tunguska  (tributary  of  the 
Yenissei  river).  From  the  former  place,  two  species  of  Noggerathia  were  describ- 
ed by  Prof.  Goppert'  as  Ndgg.  equalis  and  N,  distans,  and  the  formation  from 
which  they  came  was  supposed  to  be  Permian. 

Quite  recently,  however,   Mr.  Schmalhausen  has  published  a  short  paper  on 

>  Munster:  loe,  eii..  Vol.  VII,  pi.  II,  flg.  2.  Roemer,  toe,  cit. 

>  Owen:  "Odontography,"  pi.  XLII. 

*  Tcbih*tcbeff  :  Voyage  dans  TAltai  orientate,  1845. 
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the  Jurassic  Floras  of  Russia,^  where  the  Flora  of  the  Knsnezk  basin  on  the  Altai 
is  described  as  an  nndonbted  Jurassic  flora.  Regarding  the  two  mentioned  species 
of  Noggerathiaj  Mr.  Schmalhausen  says,  ''  The  specimens  described  by  Goppert 
as  Nogg.  distans  and  N.  aqualis  are  apparently  leaflets  of  a  Cycadeous  plant, 
related  partly  with  forms  of  Zamia,  partly  with  Podozamites.  The  name  BhiptO' 
eamites  is  proposed  for  the  same."  They  are  described  as  very  nnmeroos ;  with 
them  occur  Phyllotheca,  Asplenium  whithiense,  Bgt.,  sp.  yar.  tentie,  CMekanowskia 
rigida,  Heer,  Pinus  fwrdenskioldi,  Heer,  Pkonicopsis  angustifoli^i,  Heer,  Samaropsis 
parvula,  Heer,  and  also  Oiyigko,  most  of  which  occur  in  the  Jura  of  Eastern 
Siberia  and  the  Amur  countries.  Of  Cycadeacea,  the  following  were  found : 
Zamites  injlexus,  Eichw.,  Podozamites  eichwaldi,  and  a  Ctenophyllum. 

The  genus  Bhipto zamites  is  equally  numerous  on  the  Tungaska  river. 

A  comparison  of  the  Indian  and  Australian  Ndggerathiopsis  with  the  original 
drawings  of  the  Altai  Noggerathia  (Gopp.  1.  c.)  shows  that  they  are  remarkably 
close  to  one  another,  and  the  genus  Rhiptozamites,  Schmalhausen,  is  a  Jurassic 
representatiye  of  the  genus  Ndggerathiopsis,  which  in  Australia  begins  in  paleo- 
zoic beds,  in  India  occurs  in  the  Talchir-Karharbari  and  Damuda  divisions  of 
the  Gondwana  system  *  and  in  Siberia  has  a  close  (if  not  generically  identical) 
representative  in  Jurassic  rocks. 

There  are  now  especially  three  genera :  Phyllotheca,  6gt.,  Glossopierisy  Bgt., 
Ndggerathiopsis,  Fstm.  (and  Rhiptozamites,  Schmalh.),  which  begin  in  Australia 
in  palflBozoic  rocks,  and  pass  almost  unchanged  through  the  subsequent  forma- 
tions into  Jurassic  rocks  in  India  and  Siberia. 

In  my  Flora  of  the  Lower  Gondwdnas,  I  shall  treat  more  closely  of  this 
genus,  where  I  shall  also  refer  to  Count  Saporta's  recent  papers  on  Noggerathia 
and  various  plants  included  in  this  genus  ;  *  as  also  to  some  recent  observations 
on  the  fructification  of  the  Bohemian  Noggerathia  foliosa,  Stbg.,  which  modify  to 
a  certain  extent  the  classification  given  in  Mr.  Saporta's  paper.  * 


Notes  ok  fossil  flints  from  Katttwab,  Shekh  Budin,  and  Sirgujah 
hy  O.  Feistmantel,  PaltBontologist,   Geological  Survey  of  Itidia. 

I.  Jurassic  plants  from  Katttwar. 

In  1878,  Mr.  Fedden,  while  surveying  a  portion  of  the  Kattywar  peninsula, 
collected  some  fossil  plants  preserved  in  a  friable  sandy  shale  of  purplish  grey 
color.  They  are  only  very  fragmentary,  although  the  fragments  are  numerous 
enough ;  but  as  a  certain  interest  attaches  to  them,  I  think  it  worth  while  to 
name  them  and  discuss,  as  far  as  possible,  their  relations.  The  plants  were  found 
three-quarters  of  a  mile  north-west  of  Than,  Northern  Kattywar. 

>  Beitrage  zur  Jara  Flora  RuBslands,  1879.  MiHanges  physiques  et  chimiqnes.  Tome  XI, 
ixxi  du  Bull,  de  I'Acad.    Imp.  d.  scienc.  4-St.  Petersburg,  Vol.  XXV. 

*  Permo-Triassic—if  the  Talchirs  are  considered  as  representing  a  portion  of  the  Permian* 

*  Comptes  Bendus  des  Stances  de  I'Aoad.  d.  So.,  tome  86,  1878. 

^  While  this  short  note  was  passing  through  the  press,  I  received  Mr.  Schmalhausen's  paper 
with  figures,  but  too  late  for  notice.    I  shall  do  so  at  an  earlj  opportunity. 
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FiLICES. 

Group  of  Alethopteris  whitbiensis,  Schimp.  (Feistm.)  or  Asplekiijm 

WHiTBiENSE,  Heer. 

There  is  one  pinna  of  a  fern  whicli  apparently  belongs  to  this  gronp  of  fossil 
plants,  but  it  is  one  of  the  more  slender  forms,  and  is  very  closely  related  to 
the  Jnrassic  Asplenium  argtUulum,  Heer/  which  also  is  to  be  included  in  the 
group  of  Alethopteris  whitbiensis. 

Alethopteris  whitbiensis  is  known  in  India,  especially  from  the  Jabalpur  and 
Umia  gfroups  ;  from  the  latter  I  have  figured  a  specimen  closely  resembling  that 
from  Kattywar. 

Gycadeacej:. 

There  is  only  one  small  fragment,  which,  I  think,  belongs  to  the  genus 
JPtilophyllum ;  it  indicates  one  of  the  narrow-leaved  forms,  to  which  belongs 
Fttl.  Tar.  minimum,  Fstm.  from  Kach  (Cutch)  ;  the  same  was  also  found  in  the 
Sripermatur  group  of  the  south-east  coast  of  India. 

Conifer  j: 

Representatives  of  this  Order  are  pretty  numerous,  especially  leaved  branch- 
lets  and  seeds,  although  the  former  in  no  large  specimens.  The  branchlets  appear 
to  me  to  belong  to  two  species. 

Palissya  jabalpurensisy  Fstm.  The  specimens  are  a  little  smaller  than  the 
original  form  from  the  Jabalpur  group. 

Taxites  tenerrimus,  Fstm.  Several  specimens  are  certainly  to  be  referred  to 
this  form  of  the  Jabalpur  group. 

The  seeds  are : 

Araucarites  cutchensis,  Fstm.  These  are  numerous,  of  various  sizes.  They  are 
known  from  the  Umia  group,  Jabalpur  group,  and  Sripermatur  group. 

Besides  these  coniferous  plants,  there  are  numerous  fragments  of  long  narrow 
leaves,  with  a  central  vein  in  the  better  preserved  specimens.  My  belief  is,  that 
they  also  are  conifera,  and  in  this  case  they  most  probably  belong  to  the  genus 
JPinus,  resembling  very  much  FinvLS  nordenskioldi,    Heer.' 

A  comparison  of  these  fossil  plants  shows  that  they  are  related  to  the 
flora  of  the  Jabalpur  group  by  the  presence  of  Palissya  jabalpurensis  and 
Taxites  tenerrimus,  Fstm ;  while  Araucarites  cutchensis,  Fstm.  is  common  to  the  flora 
of  the  IJmia  and  Jabalpur  groups.  There  is  also  a  fern  corresponding  with  a  form 
from  Katch  and  a  fragmentary  portion  of  a  Ptilophyllum,  These,  with  the  Arau- 
carites cutchensis,  Fstm.,  would  correlate  this  flora  also  with  that  of  the  Umia 
group  in  Kach,  as  was  noticed  Ln  the  Annual  Report  of  the  Geological  Survey  of 
India  for  1878. 

1  Junflora  Oet-SibirienB,  1876  (Flora  foBBilis  arctica.  Vol.  IV,  1877),  Taf.  Ill,  fig.  7. 

'  Beitrag^  %xa  fouilen  Flora  Spitzbergens,  TafeL  IX,  figs  1-6  (Flora  fossilis  arctica.  Vol.  IV 
1877) ;  Beitrage  zar  Juraflora  Ost-Sibiriens  und  dee  AmarlMndes,  Taf.  IV,  fig.  8c  (the  same 
Volume),  and  Tafel.  XXII,  p.  4,  a  b.,  XXVII,  9a  XXVIII,  fig.  4. 
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Both  these  correlations  appear  (as  far  as  the  plant  remains  show)  to  be  eqnallj 
jnstified;  and  this  is  certainly  of  no  small -interest,  as  this  E^attywar  flora  thus 
forms  a  connecting  link  between  those  of  the  Jabalpurandthe  Umia  gronps,  plac- 
ing them,  thus,  homotaxiallj  on  the  same  horizon.  This  does  not,  of  course, 
change  anything  of  well  established  stratigraphical  relations ;  and  there  is  no 
objection  that  the  same  flora,  which  if  considered  from  the  Jabalpur  gronp  only 
has  to  be  taken  as  middle  Jurassic,  should  be  found  in  the  Umia  group  with  and 
above  upper  Jurassic  marine  animals,  and  should  still  retain  its  middle  Jurassic 
character,  which  view  I  maintain. 

The  case  in  Kach  is,  of  course,  easily  solved :  the  formation  is  determined 
from  the  fauna,  although  this  is  associated  with  a  flora  of  an  older  facies,  but  the 
question  becomes  more  complicated  where  in  the  same  beds  there  are  found 
marine  animals,  of  secondary  and  palsdozoic  types,  as  in  the  Salt-range,  and  in 
cases  to  be  described  by  Mr.  Griesbach  from  the  Himalayan  Trias. 

2.    Note  ok  some  plants  fbou  the  Jurassic  rooks  at  Shekh  Budin  (Uppbb 

Pukjab). 

Last  year  Mr.  A.  B.  Wynne  made  a  collection  of  fossils  at  Shekh  Budfn,  com- 
prising  a  few  plant-remains,  which,  although  very  fragmentary,  are  of  great 
importance,  as  being  the  first  plants  collected  during  the  work  of  the  Greological 
Survey  in  this  northern  portion  of  India.  They  are,  however,  not  the  ODiy 
plants  found  in  Upper  Punjab.  Dr.  Waagen,  in  his  note  on  the  Attock  slates,^ 
mentions  that  there  are  in  the  collection  of  the  Geological  Society  of  London 
several  specimens  of  plants  from  the  Salt^range,  although  no  recognisable  speci- 
mens were  yielded  from  that  ground  to  careful  search  by  the  officers  of  the 

Survey. 

The  plant-fragments  of  Shekh  Budin  are  preserved  in  a  fine,  slightly  mica, 
ceous  shale,  of  a  light  purplish-grey  color,  resembling  certain  plant-bearing  shales 
of  the  Jurassic  rocks  in  Kach,  but  more  closely  the  shales  of  the  Jabalpur 
group,  near  Jabalpur.  The  plants  also,  as  far  as  determinable,  recall  those  of 
the  Jabalpur  group. 

The  only  fossils  determinable  with  some  certainty  belong  to  the — 

Ctcadbacejb. 

Ttilophyllum(?)  aaUifoUum,  Mor. — There  is  a  fragment  of  a  leaf  of  a  cyca- 
deous  plant,  which  belongs  to  the  Zamiees  and  which  I  refer  to  Ptilophyllumy  for 
it  appears  from  one  of  the  leaflets  that  they  are  not  free  at  the  lower  angle, 
but  decurring ;  the  upper  angle,  which  is  free,  is  rather  a  little  more  rounded 
than  is  usually  the  case  in  Ttilophyllum ;  but  a  specimen  with  very  similar 
leaflets  to  those  under  discussion  is  figured  as  Ptilophyllum  aciitifolitim  in  my 
Flora  of  the  Jabalpur  group,*  Plate  V,  fig.  1. 

Podozamites,  sp. — There  is  another  fragment  of  a  single  leaflet,  traversed  by 
longitudinal  veins.     This  I  refer  to  the  genus  Podozamites,  and  it  appears  to  me 

1  Bee.  Qeol.  Sarv.  of  India,  1879,  Vol.  XII,  Ft.  4,  p.  184. 
s  Pkl.  Indicft,  Ser.  XI,  2. 
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to  represent  the  top  portion,  as  the  veins  only  approach  each  other  without  being 
dichotomons.   . 

An  identification  of  a  fragment  like  this  is  always  more  or  less  uncertain,  but 
in  this  case  I  think  we  can  refer  the  fragment  to  Podozamitea  hiuceoLaiuB  yar. 
eichwaldi,  Heer.' 

This,  although  very  unsatis&ctory  palsBontological  evidence,  would  so  far 
show  that  these  plant-beds  of  Shekh  Budin  have  to  be  considered  as  representa- 
tives of  the  Oondw^nas  in  the  Upper  Punjab  in  association  with  marine  beds^« 
case  like  that  in  Kach,  and  on  the  south-east  coast  of  India. 

3.    Lower  Oondwaka  plants  from  thb  Auranoa  ooal-field. 

Mr.  C.  L.  Griesbach,  on  his  way  to  the  Tatap&ni  and  B&mkola  coal-fields  in 
Sirgajah,  passed  through  the  Auranga  coal-field  and  collected  a  few  fossils  from 
a  spot  west  of  Murup,  in  beds  mapped  by  Mr.  Ball '  as  Barakars.  Although  I 
co.uld  only  determine  two  species,  I  think  them  interesting  enough  for  record. 

Trizygia  speciosa^  Broyle. — The  occurrence  of  this  fossil  in  this  coal>field  is  of 
interest,  as  illustrating  the  geographical  and  stratigraphical  distribution  of  the 
species.  It  was  first  made  known  from  the  Barakars  of  the  Talchir  coal-field, 
where  it  does  not  seem  to  be  rare.  Subsequently  it  was  found  to  occur  rather 
numerously  in  the  Baniganj  group  of  the  Baniganj  coal-field.  This  Baniganj 
form  appears  in  general  a  little  larger  than  that  from  the  Barakars.  Later  on 
the  same  species  was  brought  from  the  Barakars  of  the  Bokh4ro  coal-field  by 
Mr.  Hughes ;  and  it  is  also  known  from  the  Bijori  horiason  (representing  the 
Baniganj  group)  of  the  Satpura  basin,  in  the  upper  Denwa  valley ;  and  now  wo 
know  of  it  in  the  Auranga  coal-field  from  the  Barakar  group.  This  species  is 
thus  almost  equally  numerous  in  the  Barakar  as  in  the  Baniganj  group. 

There  is  no  essential  distinction  between  the  Baniganj  and  Barakar  forms, 
both,  show  the  characteristic  '*  three  paired "  arrangement  of  the  leaflets,  the 
same  distribution  of  the  veins,  etc.  The  only  difference  I  could  find  is  that 
already  mentioned,  between  the  forms  from  the  Baniganj  coaLfield  (Banigunj 
group)  and  Talchir  coal-field  (Barakar  group) ;  but  the  specimens  from  the 
Auranga  coal-field  (Barakar  group)  exhibit  a  size  like  that  of  the  Baniganj  form, 
so  that  even  this  character  cannot  be  used  as  distinguishing  the  forms  from  these 
two  groups,  and  both  must  be  declared  identical. 

Olossopteris  commtmts,  Fstm. — This  species  is  equally  frequent  through  all  the 
sub-divisions  of  the  Lower  Oondwanas. 

4.  Fossil  plants  from  the  Tatapani  and  Bamkola  Coal-fields  (Sirgujah). 

Last  year  (1878)  a  g^ood  collection  of  fossil  plants  was  brought  by  Mr.  G.  L. 
Griesbach  from  the  Tatap&ni  and  Bdmkola  coal-fields.  The  fossils  are  from 
various  localities  and  from  various  horizons.  Mr.  Griesbach,  in  hia  forthcoming 
report  on  the  geology  of  these  coal-fields,  indicates  the  positicms  of  the  fossils  in 

1  Jnnflora  Oit-Sbiriens  nnd  des  Amnrlancles,  1877,  Vol.  IV,  p.  1C9.  PI.  XXVI. 
*  V.  Ball:  Geology  of  the  Aunwga  and  Huttfr  coal-field  (PalamowX    Mem.  Oeol.  Sunr.  of 
India,  Vol.  XV,  Ft.  1. 
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eacli  of  his  sections ;  it  would,  therefore,  be  nnnecessarj  for  me  to  discuss  the 
fossils  from  each  locality ;  it  will  be  sufficient  to  speak  of  the  fossils  of  each 
group  collectiyely.  In  this  area,  the  close  palaBontological  relation  of  the  several 
groups  is  also  clearly  illustrated,  just  as  in  the  Satpura  basin,  especially,  as  it 
appears,  between  the  Raniganj  and  Panchet  groups  ;  for  there  are  fossils  from 
several  localities  which,  according  to  our  present  knowledge,  correspond  more  with 
those  of  the  Raniganj  group,  while  the  beds  seem  to  be  referable  either  to  this 
group  or  to  the  Panchet  group.     I  shall  mention  these  localities  further  on. 

The  most  interesting  fact  illustrated  by  the  fossils  brought  by  Mr.  G-riesbach 
is  the  satisfactory  proof  of  the  occurrence  of  the  typical  Raniganj  group,  as  it 
occurs  in  the  Raniganj  field.  This  is  shown  especially  by  the  numerous  occur- 
rence of  Schizoneura  gondwanensis,  although,  as  we  know,  Schtzoneura  is  not 
entirely  wanting  in  tbe  Barakar  group,  and  is  also  not  very  rare  in  the  Panchet 
group. 

Barakar  group. 

I  come  at  once  to  speak  of  the  fossils  of  this  group,  no  fossils  having  been  met 
with  in  the  Talchirs,  and  also  no  equivalent  of  the  Karharbdri  beds.  As  in  the 
other  coal-fields,  tbere  is  here  also  no  striking  palasontological  feature  characterising 
the  Bar4kar  group,  most  of  the  fossils  being  common  to  all  the  sub-g^ups  of  the 
Damuda  division,  and  its  presence  is  with  certainty  demonstrated  only  stititi- 
graphically ;  but  a  certain  negative  character  can  be  used,  i,  e.,  the  absence  (or 
rare  occurrence  in  other  cases)  of  Schizoneura  (when  compared  with  its  numer- 
ous occurrence  in  the  Raniganj  group)  and  of  certain  forms  of  QlossopteriSy 
which  I  shall  mark  presently  as  occurring  in  the  Raniganj  group,  in  which  group 
the  genus  Qlossopterie  appears  to  be  altogether  more  numerous. 

I  first  enumerate  the  fossils  from  localities  which  apparently  belong  to  the 
Barakar  group  (judged  from  the  stratigrapbical  position)  ;  while  at  the  end  I 
shall  mention  several  localities,  about  which,  from  a  palsoontological  point  of  view, 
I  can  form  no  certain  opinion. 

1.  JSquisetacea. 
Vertebraria  indica,  Royle. — The  common  form ;  found  on  the  Sendur  river, 
west   of  Mitgain ;  on  the   Ledho  nalah   near   Karamdiha ;  between  the  Mahdn 
river  and  the  Tamor  hill,  near  Majurdaki  (southern  field). 

2.  Filtces. 

Glo88opter%8  comnvunts,  Fstm. — On  the  Sendur  river,  west  of  Mitgain ;  west  of 
Chumra ;  on  the  Ledho  nalah,  near  Karamdiha. 

Olossopteris  hrovmianaj  Bgt. — On  the  Sendur  river,  west  of  Mitgain. 

Glossopteris  (damudica,  Fstm.,  MSS.) — This  is  a  species  which,  like  Glossop- 
teris  comm^imiSf  occurs  through  the  whole  of  the  Damuda  series,  but  is  apparently 
most  numerous  in  the  Barakar  group  and  in  the  iron  shales.  I  have  not  de- 
scribed it  yet,  nor  has  it  been  figured,  but  I  nevertheless  introduce  the  name,  as 
I  shall  bave  to  refer  to  it  again  when  speaking  of  the  Raniganj  fossils.  From 
the  Sendur  river,  west  of  Mitgain;  between  the  Mah&n  river  and  the  Tamor 
hill. 
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Olossopteris  tndica^  Schimp. — Between  Mahin  river  and  Tamor  hill  (Ma- 
jnrdaki)  ;  north-west  of   Keonti. 

3.  Oycadeacea  (f). 

NoggeraJthiopsis  hishpif  Bonb.,  sp.  (Fstm.) — This  species,  at  first  known  from 
the  Kimihi  (Baniganj)  group  only,  was  later  identified  from  the  Barakar  and 
Talchir-E[arharb&ri  gronps  also.  Between  the  Mahdn  river  and  Tamor  hill 
(Majordaki)  ;  Suidnd  nalah,  1|  mile  north  of  Bheria. 

The  localities,  the  fossils  of  which  do  not  indicate  with  certainty  the  Barakar 
group,  are : 

(a).  West  of  Dhonda,  from  where  I  could  determine: 
Olossojpteris  mdica,  Schimp,  and 
Olossopteris  communis,  Fstm. 
(h).  Suknai  nalah  north  of  Sarsera :  from  here  I  determine: 
Vertebraria  indica,  Boyle. 
Olossopteris  corrvrnvms,  Fstm. 
There  is,  however,  no  objection  that  these  localities  also  should  be  mapped  as 
Barakar,  as  is  done  on  Mr.  Gbiesbach's  map. 

Baniganj  oboup. 

The  occurrence  of  the  Baniganj  group  in  the  typical  form  is,  I  think,  well 
established  in  this  field  by  the  frequent  occurrence  of  Schizoneura  gondwanensis, 
Fstm.,  and  of  several  species  of  Olossopteris,  which  hitherto  are  known  from  the 
Baniganj  group  only ;  I  shall  mention  them  presently ;  one  is  already  a  described 
form,  the  others  are  new. 

1.  Equisetace€B. 

Vertebraria  indioa,  Boyle,  the  more  branched  form,  as  known  from  the  K&m- 
thi  (Baniganj)  group ;  between  the  Mahdn  river  and  the  Tamor  hill ;  nalah 
between  Oouri  and  Ghui ;  in  the  Mome  river,  north  of  Parasdiha. 

Schizoneura  gondwanensis,  Fstm. — Several  pieces  of  shale  are  filled  with  speci- 
mena  of  this  species,  just  as  is  the  case  in  the  Baniganj  field,  and  also  the  shale 
agrees  with  that  of  the  Baniganj  field.  The  specimens  are  in  layers,  one  over 
the  other,  preserved  as  leaved  stalks  of  various  sizes  and  as  single  leaves.  It  is 
additional  evidence  to  the  wide  geographical  distribution  and  frequent  occur- 
renoe  of  this  species  in  the  Damuda  series,  especially  in  the  Baniganj  group. 
We  know  this  species  at  present  from — 

(a),  the  Baniganj  group  of  the  Baniganj  coal-field,  where  it  is  very  numer- 
ous ;  from  the  Jherria  coal-field ;  from  the  Hing^  coal-field ;  from  the 
Tatapdni  coal-field,  where  it  appears  to  be  also  numerous;  and  from 
the  Satpura  basin,  where  it  is  known  from  two  localities  (in  the  Bijori 
horizon) ; 

(5),  from  the  Panchet  group,  in  the  Baniganj  field,  where  it  occurs  pretty 

numerously, 
(c),  from  the  Barakar  group  on  Lumki  hill,  in  the  Karharbari  coal-field ; 
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(d),  from   the  Talchir-Karharb&il  beds  in  the  Mohpdni  coal-field,  and  (?) 
from  the  Talehir  shales  of  the  Deogarh  field.  ^ 
In  the  Tatapdni  ooal-field  it  occurs  along  the  nalah  at  Budatand  and  near 
Lanjit.' 

FiLICES. 

Qhssopieris  angudifoliaj  Bgt. ;   this  narrow-leayed  form  is  espeoiallj  known 
from  the  Baniganj  group. 

Banld  Nalah,  between  Ghumra  and  Oidhi;  between  Mah&n  river  and 
Tamor  hill;  Mome  river,  north  of  Parasdiha;  Budatand  nalah,  near 
Budatand,  south  of  Nowadih ;  in  the  Ledho  nalah. 

Olossopteris  retiferay  Fstm. — This  also  is  a  Baniganj  form.  Banki  nalah, 
between  Ghumra  and  GHdhi. 

OU>88opt.  eownvumSf  Fstm. — ^Banki  nalah,  between  Ghumra  and  Gidhi ;  east 
of  Ghui ;  south  of  Nowadih ;  in  the  Ledho  nalah. 

Olossopt  vndica,  Schimp.,  between  Ghumra  and  Oidhi. 

Oloasopteris,  sp.,  a  peculiarly  oval  leaf,  which,  I  think,  will  prove  a  new 
species.  One  specimen  of  the  same  kind  is  known  from  the  Baniganj 
group  of  the  Baniganj  field,  and  also  the  rock  agrees  completely.  The 
net  venation  is  much  like  that  of  Qlossopt.  communis,  but  still  finer  and 
narrower,  and  the  midrib  diminishes  suddenly  towards  the  apex.  I  shall 
describe  this  form  in  the  next  fasciculus  of  the  Lower  Gt>ndw&na  Flora. 
North  of  Meguli  (Moholi  on  map). 

Olossopt  damudica,  Fstm.  (MS.) — This  species  is  already  mentioned  above. 
Mome  river,  north  of  Parasdiha. 

OIo88opteriB,  sp. — ^Another  species  was  found  in  the  Tatap^ni  coal-field,  iden- 
tical with  one  from  the  Baniganj  field  (Baniganj  group),  not   yet  de- 
scribed ;  it  is  a  narrow  leaf,  with  a  large  net  venation,  the  veins  passing 
out  from  the  midrib  at  an  acute  angle.     South  of  Nowadih. 
From  these  fossils,  the  Baniganj  group  is  certainly  quite  well  established. 
There  are  a  few  other  localities,  which  paJfldontologically  might  be  still  placed 
in  the  Baniganj  group,  while  stratigraphically  they  seem  to  be  on  the  Panchet 
horizon. 

a.  Nalah  west  of  Narola— 

OlossopteriSf  sp. 
h.  In  the  Ledho  nalah — 

Olossopteris  angustifolia,  Bgt. 

Olossopt  com/mvnis,  Fstm. 

OlossopL  indica,  Schimp. 
c.  Near  Karamdihsr^ 

Olossopteris  communis,  Fstm. 

>  The  specimens  ftppear  at  least  to  be  Sehitoneurci, 

*  This  portion  of  the  Lower  Gondw&nas  near  Lanjit  is  oolored  as  Barakars,  €fae  strata 
^ing  much  broken  up  by  dykes,  etc.,  so  that  no  distinction  of  beds  could  be  made  out.  The 
frequent  occurrence  of  Sehixoneura  gondwanentii,  Fstm.,  at  this  place  would  refer  that  porUon  to 
the  Raniganj  group. 
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These  localities  thus  yield  an  nnusnally  larg*^  number  of  Olossopteris,  while  in 
the  Panchet  rocks,  although  its  occurrence  is  undoubtedly  established,  it  is  only 
known  to  occur  rarely,  and  fragmentary.  At  these  localities,  however,  it  occurs 
in  the  same  manner  as  in  the  Baniganj  group,  and  we  have  either  to  acknowledge 
the  closest  connection  of  the  Panchet  and  Baniganj  groups  (which  in  this  field 
also  seems  to  be  shown  stratigraphically),  or  to  account  for  the  uninterrupted 
passage  of  the  Baniganj  flora  into  the  Panchet  group,  in  which  case  the  close 
relation  of  both  is  again  shown.  It  is,  of  course,  possible  that  the  observations 
upon  which  these  suggestions  are  based  might  be  modified  by  a  revision  of  the 
survey,  but  taking  tiie  lines  as  laid  down  by  Mr.  Oriesbach,  we  may  now  say 
that  three-fifths  of  the  species  in  the  Panchet  group  are  those  of  the  Baniganj 

group. 

This  mutual  relation  of  the  Baniganj  and  Panchet  groups  in  this  field,  is  so 
far  interesting  and  important,  as  at  the  two  last-named  localities  there  occurs 
a  plant  which  appears  .to  be  a  Thtnnfeldda,  I  shall  describe  it  more  closely  in  my 
Flora  of  the  Lower  GondwdnajB. 

Mahadevas. 

In  succession  to  the  Baniganj -Panchet  rocks  the  Mahadevas  are  highly  de- 
veloped, as  in  the  Satpura  basin ;  and  they  have  proved  equally  poor  in  fossils. 
Mr.  Griesbach  discovered  only  at  one  locality  some  fragments  of  plants,  which 
do  not  admit  of  specific  determination :  one  is  an  Alet}u)jpteris  ;  the  other  is  doubt- 
ful, even  as  to  the  genus  ;  it  is  either  a  Taniopteria  or  Oloasoptervs. 

The  Mahadevas  in  this  area  seem  to  be  to  the  Panchets  in  the  same  close  rela- 
tion as  in  the  Satpura  basin,  where  the  whole  Gondw&na  system  is  developed, 
from  the  Talchire  (bottom)  to  the  Jabalpur  group  (top),  and  these  basins  where 
the  succession  of  ^e  several  groups  is  also  continuous,  are,  therefore,  of  the 
same  interest  for  the  correlation  of  the  various  groups. 


On  Volcakic  Foci  op  Eruption  in  the  Konkan,  hy  Georgb  T.  Clark,  Esq.» 

I  chanced  yesterday,  in  the  library  of  the  AthensBum  Club,  to  meet  with  the 
two  volumes  upon  the  geology  of  India  to  which  are  prefixed  your  name  and  that 
of  Mr.  Bhmford,  and  in  vol.  1,  page  327,  I  lighted  upon  some  remarks  very 
complimentary  indeed  to  myself,  but  which  do  not,  I  think,  refer  quite  correctly 
to  what  I  advanced,  now  thirty  years  ago,  on  the  geology  of  the  western  side  of 
the  Indian  peninsula,  in  the  neighbourhood  of  Bombay.  I  therefore  address 
myself  to  you  by  letter,  and  I  must  ask  you  to  excuse  the  length  into  which  I 
may  probably  be  betrayed. 

At  the  time  that  I  reached  Bombay  in  1844,  nothing  was  known  about  the 
ori^  of  the  trap  of  Western  India>  and  I  found  from  Mr.  Orlebar,  and,  I  think, 

1  Mr.  Clark's  observationi  and  views  upon  the  trappean  rocks  of  Western  India  are  mnoh  more 
olearly  brought  out  in  the  letter  (dated  26th  July  1879)  published  above,  than  in  his  original  pa- 
pers  in  the  Quarterly  Journal  GeoL  Soc.,  London,  Vol.  III.,  p.  221,  (1847)  and  Vol.  XXV,  p.  164 
(1869),  from  which  the  notice  in  the  Manual  was  taken.  The  obscunty  upon  the  important  ques- 
tion of  denudation  is  now  quite  cleared  up.— H.  B.  Mxdlicott. 
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from  Mr.  Malcolznson,  both  y^ry  competent  geologists,  that  even  Bombay  and 
Salsette  had  not  been  geologically  examined,  and  that  little  was  known  of  their 
details  and  still  less  of  those  of  the  Konkan  on  the  opposite  side  of  the  harbonr. 
Feeling  much  interest  in  the  subject,  I  determined,  while  visiting  the  Island  and 
the  main  land  for  other  purposes,  to  pay  what  attention  I  could  to  the  geology* 
I  began  with  Bombay,  and  spent  some  time  in  laying  down  the  dip  and  direction 
of  its  rocks,  which  I  found  to  be  mostly  igneous,  traps  and  greenstones,  with 
occasional  intervening  beds,  probably  of  sedimentary  origin,  all  dipping  more 
or  less  westward  at  a  high  inclination.  While  thus  engaged  I  was  fortunate 
enough  to  fall  in  with  a  bed,  newly  uncovered,  containing  very  perfect  remains 
of  batrachians,  which  lay  immediately  beneath  a  sheet  of  basalt  capping  the 
western  side  of  the  Island  of  Bombay,  and  which  was  evidently  its  latest  forma- 
tion. I  sent  home  to  the  late  Dean  Buckland  some  specimens  of  the  fossils, 
which  were  figured  in  the  Journal  of  the  G-eological  Society  (Vol.  Ill,  p.  224), 
and  thus  the  geological  date  of  the  basalt  was  established.  I  found  the  same 
dip  and  bearing  to  prevail  in  Salsette. 

On  reaching  the  Konkan,  and  pausing  near  Kalian,  I  was  much  struck  with 
the  difference  between  the  outline  of  the  eastern  and  western  eminences.  The 
hills  of  Salsette  were  sharp-topped  and  steep,  all  their  lines  more  or  less  inclined 
and  covered  to  the  top  with  vegetation,  whereas  the  hills,  or  rather  mountains, 
of  the  Konkan,  were  flat-topped,  their  leading  lines  horizontal  or  nearly  so,  their 
sides  terraced,  the  terraces  divided  by  clifEs,  and  the  tops,  at  least,  bare  of  vege- 
tation. It  seemed  as  though  in  the  one  case  the  beds,  being  tilted,  had  allowed 
the  rain  to  penetrate  and  produced  disintegration,  while  in  the  other,  the  beds 
being  flat,  resisted  penetration  and  ite  consequences.  It  was  also  clear  that  the 
eastern  mountains,  as  Towlee,  Bhow-mulling,  and  Matheran,  were  outliers  from 
the  great  mass  of  the  Western  Ghauts,  strictly  conformable  to  them  in  their  struc. 
ture,  and  that  the  dip  of  their  beds,  so  slight  as  to  appear  locally  horizontal, 
was  really  towards  the  east,  and  with  a  remarkably  uniform  inclination. 

This  contrast,  obvious  at  the  first  glance,  led  me  to  suppose  that  the  origin  of 
the  traps  must  be  sought  for  either  in  the  trough  of  Bombay  harbour  or  in  the 
adjacent  margin  of  the  Konkan,  or  wherever  the  beds  dipped  from  a  centre  or 
central  line.  It  was  further  evident^  with  so  complete  a  correspondence  between 
the  beds  of  the  outliers  and  the  main  range,  that  the  whole  must  at  one  time 
have  been  continuous,  and  that  a  vast  mass  of  intervening  matter  must  have 
been  excavated  and  removed. 

Following  out  these  ideas,  I  proceeded  to  examine  the  floor  of  the  Konkan,  at 
first  along  ite  western  edge  towards  Panwell,  and  then  more  minutely  along  a 
line  which  pointed  westwards  from  Kalian  towards  the  great  bay  of  the  Malsege 
Ohaut,  and  which  presented  some  very  remarkable  appearances. 

The  rock  beds,  so  far  as  I  observed,  at  or  near  the  level  of  the  floor  of  the 
Konkan,  which  was  not  much  above  that  of  the  sea,  were  all  of  a  uniform  variety 
of  trap,  and  all  amygdaloidal,  the  vesicles  being  mostly  filled  with  zeolite. 
Usually  the  lower  part  of  each  bed  was  more  or  less  solid,  and  the  upper  part 
vesicular.  The  vesicles  were  of  all  sizes,  up  to  a  length  of  12  or  13  inches  and  a 
diameter  of  3  or  4t,   and  they  were    frequently  elongated,  as  though  the  trap. 
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while  viscid  and  fall  of  air  babbles,  had  flowed  in  the  direction  of  their  longer 
axis.  Occasionally  also  the  vesicles  were  bent  and  twisted,  as  though  the  trap 
had  flowed  oyer  a  hard  edge,  as  water  over  a  weir ;  particulars  which  seemed  to 
afford  a  clae  to  the  direction,  and  in  some  degree  to  the  circumstances,  of  the 
flow.  Following  upon  these  indications,  I  found  that  I  reached  a  number  of  hil- 
locks or  cones,  hollow  in  the  centre,  and  often  with  a  gap  in  one  side,  and  within 
and  about  these  the  trap  often  lay  in  small  streamlets,  crossing  over  or  overlap- 
ping one  another,  but  all  evidently  derived  from  a  common  source  or  centre. 
Frequently  these  streams  had  flowed  for  some  distance  in  parallel  lines  imping- 
ing upon  each  other,  not  uniting,  so  as  to  leave  a  Y-shaped  trough  between  them, 
which  again  was  filled  up  with  other  streamlets.  All  these  had  assumed  various 
shapes  according  as  they  had  flowed  in  a  trough  or  over  a  flat  surface,  or  over  an 
obstacle,  or  had  dropped  over  some  accidental  step  or  fissure  in  the  subjacent 
rock. 

These  singular,  crater-like,  hillocks  lay  very  thick  together  along  the  course 
of  the  Bervee  river  above  Kalian,  and  upon  that  of  the  upper  Kaloo  near  Bhalook 
and  Kinnowlee.  Near  the  ancient  temple  of  Oombernaut  are  several,  some 
with  a  central  hollow  a  quarter  of  a  mile  across  and  sides  from  200  to  300 
feet  high.  The  interior  slope  is  much  steeper  than  the  exterior,  and  the  floor 
is  usually  very  hard  and  undulating,  as  though  it  had  been  in  a  state  of 
ebullition. 

Besides  those  hillocks  are  also  a  number  of  flattened  domes  very  distinct, 
though  of  no  great  height,  like  huge  bubbles  of  very  hard  rock,  and  seen,  where 
the  surface  is  broken,  to  be  composed  of  layers  like  the  coats  of  an  onion. 

These  are  especially  frequent  in  the  upper  Kaloo  approaching  the  Malsege. 
I  observed  also  in  the  bed  of  this  river,  dry  or  nearly  so  when  I  saw  it,  that  in 
many  places  it  was  not  excavated  as  by  water,  but  formed  by  the  parallel  junc- 
tion of  two  lava  streams,  the  stream  filling  up  which  had  been  dissected  out, 
not  eroded,  so  that  the  surfaces  remained  smooth  and  sometimes  almost  glazed. 

All  these  appearances  led  me  to  believe  that  I  had  lighted  on  a  number  of 
foci  of  volanic  or  plutonic  action,  placed  along  certain  Hnes,  and  that  these 
were  the  vents — ^perhaps  sources  would  have  been  a  safer  word — whence  the 
traps  of  the  district,  and  of  the  adjacent  islands  on  the  one  hand  and  of  the 
Ghauts  and  Deccan  on  the  other,  were  derived.  I  came  also  to  the  conclusion, 
perhaps  upon  the  examination  of  too  limited  an  area,  that  the  general  line  of 
the  sources  lay  nearly  north  and  south  down  the  edge  of  the  Konkan,  pointing 
towards  the  islands  of  Heneri  and  Keneri,  and  that  the  line  towards  the  Malsege 
was  a  sort  of  spur  or  lateral  axis,  accounting  probably  for  the  existence  of  that 
very  remarkable  bay  or  indentation  into  the  main  line  of  the  Syhadree  range. 

The  contrast  was  remarkable  between  the  irregulariiy  of  the  streamlets  of 
lava  in  the  plain  and  near  the  sources  above  described,  and  the  excessive 
regularity  of  the  beds  at  higher  elevation,  and  at  a  distance  from  those  points. 

This  indeed  was  what  might  have  been  expected ;  a  regular  and  uniform  dip 
being  more  likely  to  be  arrived  at  by  a  lava  sheet  at  a  certain  distance  from  its 
source. 
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Bat  the  above  are  not  the  only  remarkable  features  connected  with  these 
sources.  There  are  found  generally,  in  the  Konkan,  large  numbers  of  basaltic 
djkes,  more  or  less  vertical,  and  usually  running  in  lines  straight  or  nearly  so. 
These  are  of  various  breadths,  up  to  4iO  feet  or  even  more,  and  they  occur  most 
frequently  near  the  sources  or  craters  described  above.  Thus  there  are  numbers 
of  them  about  the  Bervee  between  Kalian  and  Budlapoor,  and  they  are  especi- 
ally thick  between  Moorbar  and  Kinnowlee,  and  at  the  head  of  the  Malsege  bay, 
under  Sindloo  and  Hurreechunder.  Not  only  are  they  found  in  the  floor  of  the 
Konkan,  but  they  are  seen  to  cleave  the  highest  eminences  of  the  ghauts,  and 
they  extend  for  some  miles  in  to  the  Deccan,  showing  that  they  were  .'poured  out  and 
injected  after  the  great  mass  of  the  trap  was  laid  down.  It  is  remarkable  also, 
that  though  so  broad  and  extended  so  far  as  I  saw,  they  are  rarely,  if  ever,  con- 
nected  with  any  displacement  of  the  intersected  beds,  or  anything  like  a  fault. 
It  is  remarkable  also  that  the  basalt  which  in  Bombay  is  spread  out  as  a  sheet 
over  the  highest  of  the  trap  and  greenstone  beds,  also  caps  the  elevations  of 
the  ghauts,  as  may  be  seen  at  Khardalla,  Beema-S  hunker,  and  other  places, 
though  whether  these  horizontal  sheets  were  caused  by  the  overflow  of  the  dykes, 
or  whether,  as  is  more  probable,  their  material  overflowed  the  craters  in  the 
usual  way  after  the  trap  period  had  ceased,  I  could  not  ascertain.  It  is,  however, 
evident  from  the  mechanical  position  of  the  basalt  whether  in  dykes  or  sheets,  as 
well  as  from  its  relation  to  the  batrachian  fossils,  that  it  was  thrown  up  after  the 
trap ;  and  probably  both  dykes  and  sheets,  though  not  simultaneo  us,  belong  to 
the  same  geological  period. 

The  basalt  dykes  deserve  close  attention.  They  are  generally  vertical,  and 
very  rarely  magnetic.  Also  they  are  almost  always  composed  of  small  prisms, 
the  axis  being  at  right  angles  to  the  course  and  faces  of  the  dyke.  Also  they 
ars  commonly  fringed  at  each  face,  the  fringe  or  '  selband'  being  broken  up  by 
vertical  planes,  parallel  to  the  face  of  the  dyke.  The  dyke  beneath  the  fort  at 
Kalian  is  columnar.  The  basalt  is  usually  homogeneous,  though  now  and  then 
its  surfaces  are  pitted  as  though  small  deposits  of  minerals  had  been  washed  out. 
There  is  no  cohesion  between  the  prisms,  so  that  the  dyke  is  often  a  mere  trough, 
the  matter  being  removed.  Near  the  Wanaghaut  where  a  large  dyke  cleaves 
the  nearly  precipitous  face,  the  basalt  is  so  far  removed  that  the  dyke  is  repre- 
sented by  a  hollow  chasm,  and  forms  a  steep  stair-case,  up  which  is  a  path  for 
foot  passengers. 

Although  there  is  no  vertical  displacement  connected  with  these  dykes,  the 
heat  of  the  basalt  has  hardened  and  rendered  tough  the  contiguous  trap.  The 
effect  of  this  is  curious.  In  the  plain  near  Moorbar  the  country  is  intersected  by 
a  net  work  of  steep  and  narrow  banks  from  100  to  200  feet  high,  some- 
what  resembling  the  junction  of  a  number  of  lines  of  railway  in  embankment. 
The  axis  of  each  of  these  banks  is  a  dyke,  the  toughness  imparted  by  which 
has  enabled  the  banks  to  resist  erosion,  while  the  place  of  the  dyke  is  marked  by 
a  trough  a  few  feet  deep,  out  of  which  the  basaltic  prisms,  being  loose,  have  been 
removed. 

Looking  back  to  the  immediate  causes  of  the  very  peculiar  configuration  of  the 
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countiy  between  the  ghants  and  the  sea,  it  occnrred  to  me  that  what  I  there  saw  was 
not  nnlike  what  wonld  be  seen  if  the  island  of  Sicily  were  to  be  submerged,  and  Etna 
be  acted  npon  bj  water  currents.  The  central  part,  being  shattered,  wonld  easily 
be  remoyed  down  to  the  nuclei  of  the  several  craters,  and  the  flanks  of  the 
mountain  being  much  less  shaken  would  remain  and  present  more  or  less  of 
a  scarp  at  their  innermost  and  highest  edge,  and  their  surface,  like  that  of  the 
Deccan  near  the  ghauts,  would  be  hollowed  into  ordinaiy  valleys  of  excavation. 
If  for  a  single  central  point  one  or  more  lines  of  action  were  substitutedi  the 
effect  would  be  pretty  much  what  is  now  seen  in  the  Konkan.  Possibly  the  same 
effect  would  be  produced  by  atmospheric  action,  only  in  such  a  case  an  enormous 
period  of  time  would  be  necessary. 

Then,  as  to  the  contrast  between  the  beds  forming  the  ghauts  and  those  in 
Bombay  and  Salsette,  the  former  at  a  certain  distance  from  the  line  of  action 
fall  with  a  uniform  and  gentle  slope,  whereas  the  western  beds  fall  at  an  opposite 
and  much  greater  dip,  and  are  more  or  less  broken.  This  I  supposed  to  be  due 
to  the  previous  configuration  of  the  ground.  I  thought  the  base  of  Konkan  and 
the  Deccan  to  be  a  mass  of  metamorphic  rock,  over  which  the  trap  flowed  at  an 
easy  slope,  while  to  the  west  the  same  trap  flowed  into  the  deep  sea.  I  under- 
stand, however,  that  late  researches  are  opposed  to  this  latter  notion,  and  that 
there  is  reason  to  think  that  the  greater  dip  of  the  western  bed  is  due  to  a  sub- 
sequent subsidence.  This,  of  course,  does  not  materially  affect  the  question  of  the 
common  sources  of  these  rocks. 

I  remark  also  that  the  present,  and  I  dare  say  the  correct,  opinion  is  that  these 
traps  are  subaerial  and  volcanic.  I  supposed  them  to  be  submarine  and  plntonic, 
because  they  seemed  to  me  to  have  been  erupted  under  immense  pressure.  This 
again  does  not  materially  affect  the  leading  inferences  derived  from  my  obser- 
vations. 

In  concluding  this  long  and,  I  fear,  tedious  letter,  I  may  be  allowed  to  re- 
mark that  it  is  many  years  since  I  have  paid  attention  to  this  or  any  other  geo- 
logical subject,  and  that  neither  formerly  nor  now  have  I  any  pretensions  to  be 
called  a  geologist.  I  brought  home  with  me  a  vast  collection  of  samples  from 
every  dyke  I  met  with,  each  labelled  with  the  direction,  breadth  and  leading  features 
of  the  dyke.  I  sent  these  in  1848  or  1849  to  the  Geological  Society,  where  they 
were  seen  by  Mr.  Homer  and  the  then  Secretary  Mr.  Lonsdale.  These  gentlemen, 
however,  did  not  think  them  worth  the  space  they  occupied,  and  as  they  declined 
them,  I  caused  them  to  be  thrown  away,  nor  did  I  again  trouble  myself  on  the 
subject,  until  some  years  afterwards  I  saw  to  my  surprise  my  name  mentioned 
in  a  paper  by  Mr.  Wynne  as  one  of  the  pioneers  in  the  geology  of  Bombay. 

I  am  not  sorry  even  now  to  find  or  make  an  opportunity  of  bringing  under 
your  notice  as  the  head  of  the  Indian  Survey  a  sketch  of  what  I  did  in  the  field 
80  many  years  ago.  You  are  necessarily  aware  of  the  difficulties  attendant  upon 
field  work  in  the  Konkan,  and  will  therefore  extend  to  my  labours  that  charity 
that  I  suspect  they  much  require. 

I  add  a  tracing  of  a  map  showing  a  few  of  the  centres  of  action,  and  most 
of  the  dykes  observed  in  the  Malseg^  or  towards  Kalian. 

K 
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Oeolooical  Notib  by  G.  L.  G-ribsbagh,  F.G.S.,  Oeological  Survey  of  India. 

1.  The  metamorphic  rocks  of  the  Himalayas. — It  is  not  my  intention  to  des- 
cribe here  in  detail  the  rocks  composing  the  Himalayas ;  for  this  I  may  refer  the 
reader  to  the  pages  of  the  Manual  and  the  Memoirs.  I  will  only  state  that  I 
conld  not  see  any  material  difference  either  in  lithology  or  any  other  character 
between  the  metamorphics  of  the  plains  of  India  and  those  of  the  hiUs.  Here 
as  there  we  have  a  great  deal  of  gneissic  rocks  of  a  porphyritic  structure,  tra- 
versed by  many  veins  of  granites  of  various  character,  and  in  that,  I  may  here 
mention,  these  rocks  I'eminded  me  forcibly  of  the  granitic  gneiss  of  the  Cape, 
with  its  large  felspar  twin-ciystals,  to  which  Hochstetter  has  long  ago  drawn 
attention.  Here  as  there  we  have  folds  of  metamorphic  schists  of  every  litholo- 
gical  variety,  traversed  by  homblendic  dykes,  probably  old  trap  outbursts.  And 
both  in  the  Peninsula  and  the  Himalayan  chain,  the  average  strike  of  the  meta- 
morphic rocks  is  somewhere  from  east  to  west,  and  in  that  also  these  rocks 
correspond  with  the  metamorphics  of  South  and  Eastern  Africa: 

When  traversing  the  Southern  Himalayas  from  south  to  north,  two  gneissic 
areas  are  met  with,  parallel  to  each  other,  and  extending  more  or  less  along  the 
whole  known  part  of  the  mountain  chain.  The  first  line  is  in  the  lower  moun- 
tains south  of  the  main  chain,  and  in  the  Kumaun  section  the  Almora  hill  is  a 
point  in  that  line.  Further  north  is  the  main  gneissic  area  of  the  great  southern 
or  Indian  snowy  range,  with  Nandadevi,  Trisul,  Mana,  and  other  giants  rising 
far  above  24,000  feet.  Between  and  skirting  these  gneissic  lines,  a  series  of 
metamorphic  schists  form  most  of  the  intermediate  ground.  In  the  Kumaun 
sections,  they  are  found  to  dip  north  inside  the  first  range  (Naini  Tal,  etc.), 
and  to  pass  with  the  Almora  gneiss  below  the  Bageswar  limestones ;  in  this  forma- 
tion the  dip  is  rolling,  once  south,  then  north  again,  and  finally  it  appears  to 
pass  under  the  second  and  great  central  gneiss  area,  but  in  reality  the  strata  form 
with  the  latter  a  great  fold,  the  upper  part  of  which  has  been  removed  by  denuda- 
tion. On  the  other  side  of  the  gneissic  area  the  schists  re-appear  again,  reclining 
on  the  gneiss,  and  finally  dipping  below  the  old  slate  formation,  *  which  I  shall 
presently  prove  to  be  not  younger  than  Cambrian. 
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The  features  may  roughly  be  sketched 
as  shown  in  the  annexed  section,  in 
which  I  have,  of  course,  omitted  all  the 
numerous  minor  folds  and  a  few  faults 
and  dislocations  which  must  of  necessity 
occur  where  such  enormous  tension  ex- 
isted. 

2.  Pre-Silurian  rocks  of  the  Himalayas, 
— Nearly  all  sections  through  the  Hima- 
layas reveal  on  the  northern  slope  and 
helow  the  fossiliferous  Silurian  series  a 
formation  which  has  often  been  noticed 
and  always  been  described  as  the  "  Slate 
series."     The  lowest  member  of    it  is 
probably  a  greenish  silky  and  semi-meta- 
morphic  slate,  seen  near  Milam  to  pass 
into  the  schists  below.     But  higher  up  it 
passes  soon  into  a  purple  or  dark  blue 
quartzite  in  thick  beds  associated  with 
beds  of  a  peculiar  jaaper-like  conglome- 
rate, which  in  some  sections  forms  the 
lowest  bed  near   the  contact  with  the 
metamorphics.     Not  a  single   trace    of 
fossils  has  been   found  in   this   group, 
which   is  very  much   contorted.     It  is 
^  .|    now  crumpled  up  into  a  narrow  strip,  so 
s  I   that  its  thickness  cannot  even  be  guessed 
at. 

Higher  beds,  consisting  of  silky  green- 
ish slates,  quartzites,  and  lastly,  of  a 
dense  red  quartz- slate,  seem  at  a  few 
places  to  rest  unconformably  on  the  lower 
group,  and  everywhere  dip  below  the 
fossiliferous  Lower  Siluriafi  formation. 

A  few  indistinct  traces  of  Bivalves, 
and  Pleurotomaria  ?  Bellerophon  ?  were 
found  in  it.     There  is  very  little  doubt 
as  to  the  propriety  of  classing  these  last 
rocks  with  the  Cambrian  series  of  else- 
where, on  the  grounds  of  their  relation 
to  the  overlying  stitita,  which  by  their 
fossil  contents  are  abundantly  proved  to 
belong   to    the   Lower    Silurian    system. 
The  lower  group  of  quartzites  and  con- 
glomerates may  then  be  termed  Lower 
Gambrians  ;  and  the  ^vhole  rcsts  moi*e  or 
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less  conformably  on  the  underlying  metamorpbic  series,  and  sbares  with  the 
latter  in  the  general  folding  and  disturbance  of  the  strata. 

In  one  or  more  of  the  folds  of  metamorpbic  rocks  shown  in  the  section^  fig.  1, 
I  found  inclosed  and  folded  into  a  narrow  strip  a  mass  of  limestones,  calcareous 
conglomerates  and  shales,  here  and  there  silicious,  which  at  once  reminded  me  of 
the  Cambrians  of  the  northern  slope  of  the  Himalayas.  There  the  conglomerates 
consisted  entirely  of  quartzites,  the  same  as  the  cementing  matrix,  and  formed 
with  the  latter  a  very  hard  jasper-like  rock.  Here  the  conglomerates  are  a  hard 
grey,  silicious  limestone,  pebbles  as  well  as  matrix.  I  believe  that  the  Bageswar 
limestone  really  represents  a  limestone  facies  of  the  slate  series  or  Cambrian ;  and 
in  connection  with  the  folding  of  the  metamorpbic  series  I  consider  them  part 
of  the  same  marine  deyelopment  of  the  Cambrians,  now  seyered  from  the  strip 
north  of  the  central  fold^by  the  erosion  of  the  upper  arch  of  the  anticlinal. 

As  indicated  in  the  sketch  section,  fig.  1,  I  include  the  Naini  Tal  (Cheena) 
limestone  for  the  present  in  that  old  Cambrian  formation.  Though  the  relations 
of  this  rock  to  the  neighbouring  tertiaries  and  basaltio  traps  is  not  quite  clear, 
it  seems  best  for  the  present  to  class  them  with  the  Bageswar  rocks,  with  which 
they  have  much  in  common.  The  Naini  Tal  beds  seem  to  dip  below  the  meta- 
morphics,  but  in  reaJiiy  rest  above  them  and  merely  conform  with  them  in  a 
curve,  which,  as  nearly  all  the  larger  ones  in  this  section,  have  lost  the  upper  arch 
by  denudation,  as  shown  in  the  above-mentioned  section.  It  is  needless  to  state 
here  that  the  Naini  Tal  limestone  has  been  compared  with  the  Krol  limestone  of 
Simla. 

3.  The  Frt'Silwrian  rocks  of  ilie  Feninsula.-^lii  Central  and  Southern  India 
there  is  found  a  f ormation,  covering  the  meiamorphics  in  patches,  and  in  some 
places  overlaid  by  the  Vindhian  sandstones.  Various  are  the  strata  occupying 
this  position  between  these  two  rock  groups,  though  mostly  silicious,  here  and 
there  calcareous,  with  beds  of  conglomerates,  and  as  yet  believed  to  be  wholly 
unfossiliferous.  Last  year  whilst  traversing  the  Vindhian  range  on  the  Sone 
river,  I  observed  a  series  of  rocks,  jasper-like  conglomerates,  quartzites  and 
grey,  almost  crystalline  limestones  underlying  the  lower  Vindhian  sandstone  near 
Agori  Khas,  which  afterwards  I  could  not  help  but  compare  with  the  similar 
rocks  of  the  Himalayas.  Here  as  there  they  rest  directly  on  the  metamoxphio 
rocks. 

4.  The  PoUbozoxc  rocks  of  the  Himalayas  ;  Silurian  to  Oar^oni/erou^.— -Direotly 
XMting  on  the  Cambrian  slate  series  I  found  a  group  of  rocks  as  follows : — 

Banging :  Lower  Triaa. 

(Abont)   860'  white  quartrite  with  •>«    ^     .^ 

Z6&    redcrinoidlimertone   j^"^'^''"*>"  * 

666^  oonl  limeetooe         ...     Deroman  ?                 ...                ...  8 

\,\2ff  qnartxite  andslatea...     Upper  Silurian           ...                ...  2 

208'  coral  limeatone         ...     Lower  Silurian  (Caradoc)            ..t  1 


6,578' 

Lying :  Upper  Cambrian. 
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I  win  not  now  enter  into  the  description  of  this  Beries,  all  the  beds  haEve 
proYed  rich  in  fossil  conientSy  excepting^  giwp  3,  which  has  onlj  yielded  a  few 
casts  of  Orthoceras  and  a  few  Corals,  which  may  he  either  Deronian  or  Carboni- 
ferons.  Most  of  the  fossils  hare  already  been  described  bj  General  Straehey, 
and  Messrs.  Salter  and  Blanford.  It  is  an  aninterrapted  series  of  beds,  passing 
one  into  the  other  ahnost  imperoeptibfyy  but  bearing  nnmistakBble  fossil^  evi- 
dence,  the  lowest  bed  of  which,  aboye  the  Cambrian  slates,  contains  manj  of  the 
English  Caradoc  forms,  and  the  uppermost  member  of  which  group  of  rocks 
(the  white  qnartnte)  contains  tme  Carboniferous  brachiopods. 

5.  jBrea^  hekoeen  Carboniferous  and  Trioi, — The  close  of  the  Carboniterons 
series  marks  a  great  change  in  the  Himalayan  area.  The  next  sncceeding  series 
of  rocks  resting  on  the  Carboniferons  is  the  Trias,  nshered  in  by  its  lowermost 
member,  the  Alpine  Werfen  beds,  with  all  its  characteristic  fossils.  In  some  of 
the  sections  the  contact  of  the  two  groaps  is  apparently  perfectly  eonformable, 
bat  the  absence  of  the  white  qnartsEiie  in  some  seotioos,  when  the  dark  bitominons 
and  micaceous  Trias-base  rests  directly  on  the  Bed  Crinoid  limestone,  besides  the 
total  absence  of  the  Permian  g^roapv  cleatrly  points  to  a  change  of  conditions, 
which  mnst  have  taken  place,  at  least  her^  after  the  close  oi  the  Carboniferous 
epoch.     The  explanation  of  this  must  be  sought  elsewhere. 

6.  I%e  PalnBOxoie  rocks  cf  South  Africa, — Some  time  ago  I  had  the  good  for- 
tune to  be  able  to  study  three  great  cross-sections  throng^  South  Africa  and 
part  of  a  fourth,  namely — 

(1)  From  Table  Bay  to  the  Great  Karoo; 

(2)  From  Alg^  Bay  inland ; 

(3)  From  Port  Natal  to  the  Drakensberg ;  and 

(4)  About  200  miles  up  the  Zambezi  on  the  east  coast ;  but  this  latter 

is  made  very  complete  by  the  help  of  the  obserrations  of  the  late 
Mr.  B.  Thornton,  the  geologist  of  the  first  Livingstone  expe- 
dition, whose  extensiye  journals  were  placed  in  my  hands  by  the 
Boyal  Geographical  Society. 

But  one  of  the  best  sections,  and  also  the  earliest  described,  is  the  first, — between 
the  Table  Bay  and  the  Great  Karoo^  a  distance  of  about  140  miles.  As  this  one 
illustrates  all  the  features  for  comparison  with  our  Indian  formations,  I  will  select 
it  for  the  purpose. 

The  lowest  rock  seen  is  a  gneissic  and  porphyritic  granite,  which  f  onus  the 
base  of  the  Cape  Table-mountain,  of  the  Deyils-peak  and  Lions-rump.  It  is 
seen  in  several  places  along  the  section  cropping  up  with  other  metamorphic  rocks 
beneath  a  slate  formation,  containing  fossils.  This  slate  formation  probably 
represents  all  the  lower  palnozoio  rocks.  The  great  mass  of  it  appears  to  be  of 
Devonian  age,  proved  so  by  an  abundant  fossil  yield.  It  is  very  probable  that 
also  the  lower  paladozoic  formations  are  there  represented,  as  Hochstetter  has 
already  hinted  at,^  and  recent  finds  of  fossils  make  this  very  probable.'  The 
whole  is  very  much  contorted  and  rolled  up,  evidently  by  a  side  pressure  coming 

1  Dr.  F.  yon  Hocbstetter :  Rtise  der  Oetterr.  Fr^gatte  Nowtn :  Oeol.  Thdl.,  p.  32. 
*  H.  Woodwurd :  Qnar.  Jour.  Geol.  Surr.,  1872,  p.  81. 
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from  ihe  sontli, — tlie  general  strike  being  about  east  to  west  or  nearly  so. 
DoTonian  beds  with  aknost  tbe  same  fossil  contents  are  found  in  the  Falkland 
Islands,  South  America. 

Quite  unconformable  on  it  lie  the  so-called  Table-mountain  sandstones.  I 
need  scarcelj  say  that,  as  the  name  implies,  the  stratification  is  almost  horizontal, 
sometimes  quite  so,  thus  forming  a  marked  physical  feature  in  the  landscape. 
They  are  made  up  of  red  and  brown  gritty  sandstones,  of  hard  quartzites  and 
partings  of  silicious  shales. 

When  I  crossed  the  Yindhians  last  year,  I  was  at  once,  and  forcibly,  reminded 
of  the  South  African  tablelands,  not  only  by  the  similar  scarped  outlines,  but 
also  by  the  similarity  of  lithological  character. 

A  few  thin  seams  of  coal  have  been  found  in  the  Table-mountain  sandstone, 
and  a  few  badly  preserved  traces  of  fossil  plants,  probably  of  Lepidodendron, 
pointing  to  a  Carboniferous  age  and  to  fresh- water  conditions.  As  Hochstetter 
has  already  pointed  out  long  ago,  the  Table-mountain  sandstone  is  enclosed 
between  the  Deronian  formation  on  one  side  and  the  lower  Elaroo  beds  on  the 
other ;  the  latter  are  most  likely  of  Triajssic  or  Permian  age,  so  therefore  the  age 
of  the  Table-mountain  sandstone  becomes,  as  a  matter  of  course.  Carboniferous. 

The  close  of  the  Carboniferous  epoch  marks  a  great  change  of  conditions 
here.  A  steady  pressure  from  the  south,  which  before  had  already  lifted  the 
DeToman  deposits  above  the  level  of  the  sea  before  the  deposition  of  the  sand- 
stones, resulted  in  crushing  and  faulting  of  parts  of  the  horizontal  beds  of  the 
Carboniferous,  and  a  further  rise  of  a  fringing  southern  belt  of  the  Table-mountain 
sandstone,  with  a  corresponding  depression  northwards,  in  which  the  first 
deposits  of  the  Karoo  series  could  be  laid. 

We  see  therefore  that  it  is  with  the  close  of  the  Oarhaniferous  thai  changes  of 
canditioM  hegvn^  and  an  entirely  new  series  of  forms  appear  of  a  decidedly  mesozoic 
type.  There  is  a  break,  into  which  nothing  will  fit,  but  perhaps  a  widely  extended 
boulder  bed  at  the  base  of  the  succeeding  Karoo  beds,  and  as  yet  found  devoid 
of  organic  remains. 

7.  The  Indian  Peninsula  during  ihe  paUeozoic  epoch* — As  noticed  above,  a 
series  of  rocks  of  a  semi-metamorphic  character  occupies  in  some  parts  of  Central 
and  Southern  India  the  position  between  the  metamorphics  on  one  side  and  the 
y  indhian  sandstone  on  the  other.  These  rocks  have  received  many  names  and  are 
described  at  length  in  our  Memoirs*  Since  aU  axe  older  than  the  Yindhians, 
and  in  some  respects  analogous  with  the  marine  Cambrian  deposits  of  the 
Himalayas,  I  may  class  them  together  as  representing  the  Cambrian  series. 
With  the  Cambrians  of  the  Central  Himalayas  they  have  this  structural  character 
in  common,  that  they  share  with  the  underlying  metamorphics  in  all  disturbances 
which  have  afitected  the  latter  both  in  the  hiUs  and  in  the  Peninsula,  and  that 
the  succeeding  formation  shows,  in  places  at  least,  an  unconformity.  As  I  have 
shown  above,  there  is  an  uninterrupted  series  of  marine  palsBozoic  roeka  to  be  found 
on  the  north  slope  of  our  Himalayas ;  not  a  single  member  of  the  marine  series  is 
met  with  sonth  of  the  centnd  range,'a]id  it  is  fair  to  assume  that  the  present 
oentval  range  marked  the  palsBoseib  boiemdary  between  land  and  ocean,  or  very 
nearly  so.    If  my  assumption  is  correct  that  the  pre-Yindhian  rocks*  are  identical 
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with  the  Cambrians  of  the  Himalayan  area,  then  it  ib  also  certain  that  the  change 
of  physical  conditions  took  place  near  the  close  of  that  epoch,  and  this  is  proyen 
by  the  onconformity  which  marks  the  junction  with  the  overlying  rocks,  in  the 
hills  the  Silurians.  Now,  assuming  that  this  break  after  the  pre-Yindhian  epoch 
corresponds  with  the  one  which  occurs  after  the  deposition  of  the  Cambrians  in 
the. hills,  we  further  perceive  that  on  one  side  (Himalayas)  we  have  a  great 
series  of  marine  palaeozoic  rocks,  whereas  on  the  other  side  (the  Peninsula)  only 
a  mass  of  sandstones,  quartzites,  and  shales  is  found  next  in  succession.  From 
henceforth  the  physical  conditions  of  the  peninsula  are  those  of  terra  firma^  and 
it  is  beyond  doubt  that  some  of  the  sandstones  may  represent  one  or  more 
members  of  the  palasozoic  series.  It  has  before  been  assumed  that  the  Yindhians 
may  be  Silurian,  perhaps  even  pre-Silurian,  but  I  argue  that  the  Yindhian 
sandstones,  dbc.,  represent  the  whole  of  the  paleozoic  rocks  up  to  the  close  of  the 
Carboniferous,  and  that  there  was  not  a  long  continued  break  between  the  depo- 
sition  of  the  last  Yindhians  and  the  lowest  Gt>ndwana  rocks.  Ascending  the 
scale  of  palsBozoic  rocks  in  the  hills  we  find  au  unbroken  B^es  until  we  reach 
the  close  of  the  Carboniferous  rocks,  where  we  find  a  break— 'TiisEsic  rocks  of 
European  type  resting  directly  on  Carboniferous.  Some  disturbances  must  have 
taken  place  to  produce  this  break,  changes  of  physical  conditions  which  must 
have  affected  the  Indian  Peninsula.  Now,  if  we  search  for  the  signs  of  these 
changes  south  of  the  central  range,  we  notice  the  first  unconformity,  the  first 
break  between  the  Yindhians  and  the  Talchirs.  There  is  therefore  good  evidence 
that  the  former  are  simply  the  freshwater  f acies  of  the  whole  of  the  palsBozoio 
series  and  that  the  Upper  Yindhians  represent  the  Carboniferous  formation. 
And  indeed  this  is  likely  enough  if  we  compare  this  group  with  the  similar 
Table-mountain  sandstone  of  the  Cape;  these  two  groups  not  only  resemble 
each  other  in  petrological  characters,  but  occupy  relatively  the  same  geological 
position. 

8.  The  mesoxoic  formatume  in  the  Himalay as. ^^On  the  Carboniferous  in  the 
Kumaun  sections,  and  on  older  rocks  elsewhere  probably,  we  find  the  miesozoic 
series  ushered  in  by  beds  corresponding  to  the  Bunter-Sandstein  of  Europe,  or 
more  correctly  to  the  Weffen  beds  of  the  Alps.  I  was  able  to  distinguish  the 
following  groups  of  the  Trias  and  Bhatic' : — 

Avieula  eontortaheds  ...  ... 

Lithodendron-lxmestone  (Mitffdlodon  triqueter)  with  eeveral  partingi 
Phmiie     "^     of  fosgiliferoQ8  beds,  probable  representatives  of  the  lower  KOssen  ^  BvSlS' 

bedsof  the  Alps  ...  ...  ...  ...  ..• 

Dolomites  with  partings  of  Lithodendron-limestone      ...  .## 

Brown  limestones  with  greenish  shales       ...  ...  ...     TSS* 

Greenish  shales       ...  ...  ...  ...  ...     IGO' 

J  Black  limestones,  with  splinteiy  shales       ...  ...  ...     488' 

IVhm  ...yGreylimestonea      ...  ...  ...  ...  ...       W     }-  l.esi' 

1  limestone  earthy  ...  ...  ...  ,.,  ...        8' 

J^?J|^*'}(Wer£enbeds)        ...  ...     184' 

1  For  a  more  detailed  description  and  correlation  of  the  Triassic  and  Rhatic  series,  I  i«fer  to 
the  companion  paper  in  this  number  of  the  Records  '*  PaUgetUolo^al  notes  on  tke  lower 
qf  ths  MmaUtyas*' 
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The  topmost  bed  of  the  Rheetic  passes  into  a  thin  bed  (which  is  wanting  in 
some  sections)  containing  already  Liassic  forms,  but  after  that  a  break  occurs. 
Not  a  single  member  of  the  lower  Oolite  is  found,  the  only  representative  of  the 
Oolite  (the  well-known  Spiti  shales)  contains  forms  of  the  upper-middle  Oolite. 
The  upper  Jurassic  beds  are  quite  unfossiliferous  dark  shales.  On  them  rest 
cretaceous  greenish  shales  (oliye  shales  of  the  Punjab  ?)  and  quartz  sandstones 
<»pped  by  a  white  limestone  with  many  cretaceous  fossils  (Stoliczka's  Chikkim 
limestone). 

9.  The  mesozoic  groups  of  the  Peninsula. — As  already  explained  in  the  above 
notes,  we  meet  with  the  first  great  break  of  deposits  of  the  Peninsula  between 
the  upper  Vindhians  and  the  lowest  Gondwana  rocks,  a  break  which  I  have 
tried  to  demonstrate  must  represent  the  break  which  is  found  between  the 
Carboniferous  and  the  Trias  groups  of  the  Himalayan  area,  and  which  therefore 
falls  into  the  Permian  epoch,  an  epoch  which,  both  in  Europe  and  North- Western 
Asia,  represents  a  passage  between  the  Palaeozoic  and  Mesozoic  types  of  life. 

We  know  that  great  changes  of  land  and  water  took  place  in  the  Australian 
region  during  Carboniferous  times,  and  partly  continued  during  the  following 
periods.  Into  that  epoch  fall  the  deposits  of  the  lower  group  of  beds  containing 
many  plants  of  carboniferous  aspect,  described  by  Dr.  O.  Feistmantel'  and 
associated  with  forms  again  met  with  in  the  shales  and  silty  beds  of  the  Talchirs 
and  Karharbari  group,  figured  and  described  by  the  same  author.  We  must 
assume  a  disturbance  of  some  continuation  and  magnitude  to  explain  both  the 
nnconformity  of  the  Talchirs  on  Vindhian  and  the  Trias  on  Carboniferous  series 
in  India ;  accompanied  as  it  is  by  an  influx  of  forms  belonging  to  the  upper 
Carboniferous  of  Australia,  it  is  only  fair  to  assume  that  a  pressure  was  exerted 
towards  India  from  the  south-east,  causing  a  successive  '^  landwave**  to  transmit 
eastern  forms  of  terrestrial  life,  to  travel  west  and  perhaps  northward — to  India 
and  China. 

I  believe  the  direction  of  this  great  landwave  to  have  been  nearly  at  right 
angles  with  the  line  of  strike  of  the  older  north-east  wave,  which  caused  the 
distribution  of  land  and  water  to  change  during  palsBozoic  times,  traces  of  which 
are  found  in  the  post- Cambrian  both  in  the  Himalayas  and  the  Peninsula. 

We  see  the  existence  of  these  two  waves  clearly  exemplified  in  the  present 
shape  of  the  Peninsula  not  less  than  in  the  long  folds  of  the  Himalayas, 
extending  in  a  north-west  to  south-east  direction  across  Asia,  forming  a  series  of 
parallel  ranges  of  great  elevation,  and  also  in  the  more  or  less  latitudinal  strike 
of  the  folds  of  older  rocks  of  the  Peninsula  of  India  and  of  South  Africa,  the 
great  river  valleys  of  which  two  areas  indicate  this  direction  by  their  course. 
These  palaoozoic  folds  are  traversed  by  folds  (accompanied  by  local  dislocations), 
running  (nearly)  in  a  north-south  direction  across  the  ranges,  now  deepened  by 
the  eroding  agencies  of  glaciers  and  rivers,  and  which  have  shaped  the  beds  of 
the  palaeozoic  rocks  into  more  or  less  dome-shaped  masses,  like  so  many  enormous 
and  inverted  cups  ranged  side  by  side  in  the  ranges  of  the  Central  Himalayas. 
Not  less  is  it  demonstrated  by  the  direction  and  composition  of  the  Burmese 

'  PalflBOzoische  and  mesoxoische  Flora  des  OsUtchcn  Aubtralicus.  Id  Palaeontograpbica, 
Snppl.  Ill,  Lief.  Ill,  Hft  4, 1879. 
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chain  of  hills,  where  we  find  Triassic  marine  beds  immediately  in  rear  of  the 
advancing  'Mandwave",  which  brought  mesozoic  forms  of  life  to  India  from 
Australia. 

It  is  at  least  probable  that  the  later  Carboniferous  forms  wandered  westwards 
from  Australia  during  Permian  times  and  reached  India  in  that  epoch ;  in  the  wide 
basin-shaped  folds  of  the  crystallines  and  oldest  palaBozoic  rocks  of  the  peninsula 
great  inland  lakes  were  depositing  material  for  ages  during  the  whole  of  the 
middle  and  close  of  the  palaeozoic  times.  The  same  conditions  but  on  an  altered 
surface,  still  prevailed  to  a  certain  extent  during  the  Permisoi  times,  for  we  see 
the  oldest  deposits  of  the  incoming  period  deposited  in  wide  and  apparently  open 
basins, — side  by  side  with  the  basins  of  the  palaeozoic  epochs.  During  the  enor- 
mous periods  of  the  Triassic  and  Bhsetic  times,  when  huge  deposits  of  marine 
beds  took  place  in  the  northern  or  Himalayan  region,  the  same  south-eastern 
pressure  continued  more  or  less,  with  the  result  of  still  more  elevating  and  drain- 
ing the  peninsula,  converting  the  lake-basins  into  great  river  valleys,  at  the  same 
time  depressing  the  Central  Asian  triassic  sea,  thus  uniting  the  European  (Alpine) 
with  the  Armenian  (Asia  Minor,  Caucasus)  with  the  Northern  (Siberia) 
and  Southern  (Himalayan)  basins,  the  deposits  of  which  all  show  the  most 
wonderful  similarity  of  animal  life  which  must  have  existed  in  those  times. 

Another  link  in  the  chain  of  evidences  in  this  direction  is  the  continuity  of 
Mesozoic  freshwater  deposits  of  South  and  Central  (Africa,  where  we  find  the 
extensive  E^aroo  series  from  the  bottom  boulder-beds  (=  Taichirs)  to  the  topping 
sandstones  of  the  Drakensberg  mountains  as  nearly  the  same  series,  and  con- 
taining similar  species  of  fossil  plants  and  terrestrial  animals,  as  our  own  Gond- 
wfinas.  Such  an  extensive  rise  of  land  may  well  correspond  to  a  widespread 
triassic  ocean  extending  over  the  north-western  half  of  Asia  and  a  great  part  of 
Europe. 

After  the  deposition  of  the  youngest  members  of  the  Rhsetic  or  lower  Lias,  a 
change  in  the  outline  of  the  great  southern  continent  takes  place.  Part  of  the 
present  Indian  ocean  was  formed,  and  the  sea  encroached  along  the  western 
margin  of  the  present  peninsala,  thus  enabling  the  fiuviatile  deposits  of  the 
upper  Gondwanas  to  mingle  with  the  upper  Jurassics  of  Cutch.  Similar  changes 
took  place  along  the  southern  coast  of  Africa,  vide  the  Jurassics  of  Uitenhage. 
Probably  the  great  island  of  Madagascar  is  a  standing  monument  of  the  former 
extent  of  the  triassic  continent  of  Gondwdna- Karoo  type.  Extensive  sandstone 
deposits  fringing  the  crystalline  centre  are  described  to  occur  in  the  island. 

Indeed,  the  partial  disturbance  of  post-Liassic  times  corresponds  with  the 
reported  overlap  of  the  upper  Gondwanas  (Mahadevas)  over  the  older  Gond- 
wanas, and  also  with  the  absence  in  the  Central  Himalayan  area  of  the  Lower 
Oolite ;  on  the  lowest  Liassic  beds  (which  possibly  belong  really  to  the  upper 
Bheetics)  follow  immediately  the  Spiti  shales  of  upper-middle  Oolitic  age. 

10.  The  lower  Trias  in  the  marine  and  in  the  continental  regions. — Long  ago 
attention  was  directed  to  the  Triassic  deposits  of  the  Alps  by  the  excellent  works 
of  the  Austrian  geologists,  being  remarkable  as  containing  a  singular  admixture 
of  Palaeozoic  forms  of  life  with  Mesozoic  t3rpes.  This  is  especially  the  case  in  the 
oldest  Trias  beds, — in  the  so-called  Werfen  beds,  which  lately  have  been  divided 
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a^in  into  two  snb-gproaps,  both  of  which  I  recognized  in  the  Himalayas. 
These  base  beds  really  represent  the  Buntsandstein  of  extra-alpine  areas,  bnt 
have  a  wide  extent,  being  now  known  over  a  great  part  of  Armenia,  the  Gancasus, 
probably  Siberia,  and  certainly  the  Tibetan  area.  In  a  paper  in  this  number 
of  the  Records  I  give  short  descriptions  of  a  few  new  forms  of  Cephalopods 
from  this  bed,  along  with  a  fragmentary  notice  of  its  fossil  contents  generally. 
Besides  all  the  principal  fossils  characteristic  of  the  Werfen  beds  of  the  Eastern 
Alps,  I  f onnd  associated  with  them  numerous  pacpnt  forms  of  Ammonite  genera, 
later  on  developed  in  the  Trias,  and  also  an  undoubted  Productus,  which  most 
resembles  the  Prothustns  latirostratue,  Howse,  of  the  Permian.  It  is  therefore  a 
bed  containing  an  admixture  of  paladozoic  forms  with  younger  types,  but  the 
intimate  relation  with  the  overlying  Trias  and  Rhaatic  is  well  proved  by  the 
constant  appearance  of  these  variegated  shales  and  limestones  at  the  base  of  the 
Muschelkalk,  overlapping  in  succession  the  various  beds  composing  the  Car- 
boniferous formation. 

Turning  to  the  Peninsula,  we  find  in  like  manner  the  base-rock  of  the  Gond- 
w&nas,  represented  by  the  Talchirs  with  Karharbari  beds,  containing  (according 
to  Dr.  Feistmantel,  who  was  the  first  who  drew  attention  to  this  fact),  besides  the 
forms  later  on  so  common  in  the  Gondwanas,  species  closely  allied  to,  if  not 
identical  with,  the  younger  Carboniferous  plants  of  Australia.  If  it  is  at  all 
possible  to  compare  marine  beds  with  fresh  water  deposits,  then  surely  the  com- 
parison between  the  *'  Werfen  beds  "  of  the  Himalayas  with  the  Talchir- Karhar- 
bari beds  afford  many  points  of  analogy  :  both  are  the  first  deposits  which  [take 
place  after  the  readjustment  of  physical  conditions  in  postpaladozoic  times,  a;kd 
both  contain  a  mixture  of  younger  palaeozoic  and  of  triassic  types  of  forms.  I 
have,  therefore,  referred  both  these  groups  to  the  same  parallel  in  the  annexed 
table. 

11.  The  Tertiary  series  of  the  Tibetan  Himalayas, — The  cretaceous  limestones 
mostly  occupy  the  last  range  of  hills,  forming  as  it  were  a  rim  around  the  vast 
high  plateau  of  Tibet ;  beyond  is  a  wide  expanse  of  Tertiary  rocks,  beyond 
which  appears  again  the  mesozoic  section.  I  only  examined  the  series  as  far  as 
the  Sutlej,  which  river  flows  through  upper  Tertiary  deposits. 

Leaning  against  the  cretaceous  series  of  the  Tibetan  passes,  I  found  white  and 
red  limestones,  with  a  few  indistinct  traces  and  sections  of  Nummulites,  the  whole 
traversed  by  enormous  dykes  of  a  basaltic  trap,  which  has  completely  altered  the 
rocks  into  a  kind  of  semi-metamorphic  mass,  in  some  parts  resembling  a  por- 
phyiy.  Btoliczka  has  described  the  same  occurrence  in  the  north-western 
Himalayas. 

Next  follow  pepper-and-salt  coloured  sandstones  and  grits  of  molasse  appear- 
ance, which  in  all  probability  represent  some  member  of  the  southern  SiwaJik 
belt.  But  only  here  and  there  the  highly  inclined  lower  Tertiaries  are  seen  in 
the  lower  river  valleys,  the  whole  being  covered  up  by  the  younger  gravels  and 
sands  which  spread  in  horizontal  beds  and  widely  extended  terraces  over  the 
great  Sutlej  valley.  I  may  here  mention  that  in  this  latter  deposit  near  Dongpa 
I  found  fragments  of  mammalian  bones,  which  makes  it  tolerably  certain  that  the 
former  finds  of  bones  (Strachey)  were  also  derived  from  the  same  source. 
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It  is,  therefore,  clear  that  there  was  a  break  and  change  of  physical  conditions  ; 
Ist,  after  the  deposition  of  the  Bhsotic ;  2nd9  after  the  close  of  the  Nnmmulitic 
epoch. 

12.  C^Le  Indian  Peninsula  during  the  cretaceous  and  tertiary  epoch, — a.  The 
"  breaking  down  "  in  shoals  of  the  Indian  ocean  must  have  continued  for  a  long 
period ;  at  least  the  patches  of  Jurassics  and  later  on  of  cretaceons  beds  which 
penetrated  far  into  the  northern  half  of  the  Peninsula  go  far  to  prove  great 
fluctuations  during  these  time&  The  presence  of  remains  of  a  marine  cretaceous 
formation  in  the  south-east  of  the  Peninsula  and  narrow  strips  of  similar  rocks 
in  the  Khasia  hills,  taken  in  connection  with  such  formation  in  the  Punjab, 
clearly  demonstrates  the  existence  of  bays  to  have  existed  east  and  west  of  the 
Peninsula  during  those  epochs.  It  was  then  that  the  enormous  and  long  con- 
tinued pressure  coming  from  the  south  and  now  coming  from  two  directions, 
squeezing  as  it  were  the  triangular  Peninsula  forwards  and  northwards,  resulted 
in  the  great  dislocations  of  the  Himalayan  area,  which  were  afterwards  developed 
and  widened.  The  pressure  coming  from  both  sides,  east  and  west,  resulted  no 
doubt  in  the  bow-shaped  outline  of  the  mountain  ranges  with  its  convexity  near 
the  centre  and  directed  southwards,  at  the  same  time  dislocating  and  shattering 
part  of  the  western  limits  and  thus  forming  the  foundation  stones  to  the  later 
formed  Salt-range  and  neighbouring  hills, — ^west  and  south-west  of  the  present 
strike  of  Himalayan  hill-ranges.  Simultaneously  with  this  great  tension, 
igneous  rocks  were  pushed  up  in  the  dislocations  formed  ;  we  find  such  examples 
in  the  Silhet  Jurassic  trap,  in  the  admixture  of  trappean  matter  in  the  Olive- 
shales  of  the  Salt-range,  and  the  similar  trappean-like  cretaceous  shales  and  rocks 
of  Tibet. 

5.  The  tension  must  have  continued  long  after  the  close  of  the  cretaceous 
epoch  and  during  the  deposition  of  the  tertiaries,  during  which  time  the  enormous 
dislocations  have  formed  along  the  Southern  Alps, — the  west  coasts  of  the 
Apennine  chains,  and  here  along  the  greater  part  of  the  southern  limits  of  the 
Himalayas,  and  lastly  along  or  parallel  to  the  west  coast  (or  somewhere  near  it), 
of  India, — probably  the  opening  through  which  the  great  basaltic  flows  found  an 
exit,  which,  both  in  India  and  Africa,  Arabia  and  the  intervening  ocean,  play 
such  au  important  part.  Similar  to  the  Mediterranean  dislocation,  the  Indian 
one  is  also  still  the  seat  of  volcanic  agency. 

It  is  probable  that  during  the  early  tertiary  times  the  present  Himalayan  area 
consisted  of  a  series  of  long  islands,  not  unlike  the  lines  of  islands  now  seen  in 
the  eastern  Archipelago,  between  which  the  Nummulitics  were  deposited ;  I 
believe  this  feature  was  really  owing  to  a  partial. breaking  down  of  the  area. 
The  basaltic  traps  which  we  find  in  the  tertiaries  of  both  sides  of  the  Indian 
Himalayan  axis  are  met  with  along  the  strike  of  the  dislocations. 

In  the  following  table  I  have  endeavoured  to  render  the  comparison  of  rocks 
as  above  demonstrated  : — 
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PAL2I0NT0L00ICAL   NOTES   ON  THE    LoWER  TrUS   OF  THE    HIMALAYAS,    hy  C.  L. 

Griesbagh,  F.  Q.  S.,  Oeological  Survey  of  India. 

Major-General  B.  Stracliey,  B.E.,  C.S.I.,  was  the  first  to  notice  and  describe^ 
some  of  the  grand  sections  through  the  Himalayas,  and  to  draw  attention  to  the 
existence  in  these  snowj  regions  of  triassic  strata  closely  allied  (as  E.  Suess 
has  first  shown)^  to  the  Trias  of  the  Eastern  or  Austrian  Alps.  As  it  has 
been  my  good  fortune  to  have  been  sent  to  these  lofty  regions,  I  must  here 
acknowledge  the  debt  we  owe  to  the  learned  General  for  having  furnished  such  an 
excellent  basis  for  further  research  in  the  most  interesting  region  of  the  globe. 

Having  mapped  the  snowy  ranges  between  the  valleys  of  the  Dhauli 
Ganga  and  Gori  Ganga  (Niti  and  Milam),  I  was  able  to  collect  a  considerable 
material  for  description,  but  I  must  defer  the  detailed  report  on  these  noble 
sections,  with  maps,  until  after  the  next  field  season,  when  I  hope  to  extend  the 
survey  to  the  frontiers  of  Nepal. 

The  great  anticlinal  fold  of  porphyritic  gneiss  with  granite,  termed  by 
Stoliczka  **  Central  gneiss"  (by  way  of  comparison  with  the  so  called  *^  Central 
gneiss  "  of  the  Alps,  a  definition  which  has  been  given  up  long  ago),  is  conform- 
ably overlaid  by  various  metamorphic  schists'  and  these  again  by  the  Palae- 
ozoic and  following  formations,  a  brief  description  of  which  I  have  given  in  the 
companion  paper  in  this  number  of  the  Records.  I  will  therefore  only  mention 
that  on  the  eroded  surface  of  the  carboniferous  rises  the  huge  mass  of  the  tri- 
assic and  Bhaatic  strata.  The  RhaBtic  beds  form  high,  nearly  perpendicular  clifis 
with  an  underclifE  of  older  rocks,  comprising  the  whole  Trias  from  the  Alpine 
Werfen  beds  (Buntsandstein)  to  the  Upper  Keuper  rocks,  all  of  which  are  well 
shown  in  the  natural  profile  of  Plate  TV ;  the  proportions  of  thicknesses  and  the 
outlines  of  the  cliff  are  absolutely  correct,  being  drawn  with  the  aid  of  a  camera 
lucida,  from  an  opposite  height,  about  in  a  horizontal  plain  with  the  junction  of 
the  Rhaetic  and  Trias. 

In  the  following  list  I  give  a  detailed  enumeration  of  the  beds  composing 
both  the  Bhaatic  and  the  Trias,  with  their  probable  correlations  : — 

Upper  Oolite  (Spiti  shales). 

Thiokvsbb. 
iX  Id. 

Lower  Lias  ...    1.  Black   shales  and 'dark  earthy    limestone   with 

oolitic  structare,  containing  ...  ...       13  0 

Kesembles     the  Selemnitet  biaulcatus,  Stol. 

Grestenerbedsof  „  tiheiicut,      „ 

the  Eastern  Alps.  „  sp. 

Ammonites  annulattu,  Bow.  var. 
,f         davseif  Sow. 

Bhynchonella  ausiriaca,  Sss. 

Thal€U8ite9  depreitvtj  Qu. 

Ostrea,  sp. 

Fecten^  sp. 


ToUl  ...       13  Q 

>  Quart.  Jour.  Geol.  Soc.,  Vol.  Vll,  p.  292.  ^s=aB«. 

3  Verb.  Geol.  Reichsanst.  1862,  p.  258. 
^  See  Text  illustration^  fig.  1,  of  my  paper  in  this  numher  of  the  Records,  p.  84. 
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Rhstic  ••• 

Kepresents  the 
Starhemberg  fa- 
cies  of  KOssen 
bedi  of  the  Alpf. 


Haapilithoden- 
dron-limeBtone 
of  Suess : 

with  KOssen 
beds  in  follow- 
ing. 


>» 


}» 


** 
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>• 


1.  Grey  criuoid  limestone,  very  bard,  weathering 
brown,  thick-bedded,  with  intercalated  shales, 
full  of  fossils,  and  in  many  places  made  np  en- 
tirely  of  them.  Containing  a  mixture  of  trae 
Khstic  and  Liassic  forms : 
Fecten  bifrons.  Salt. 

mayeri,  Winkl.    (var.) 
lent.  Sow. 

eomeu8,  Gldfss.  (non  Sow.) 
eomatus,  Mun. 
valojMtuis,  Defr. 
Oermllia  ittflata,  Schfl. 
PlagiostovM  herrman\\i,  Qa. 
„  ffiganteumy  Qu. 

Fholadomya  roemeri,  Ag. 
Myophoria  eardUaoides,  Schl. 
Cardium  rhcBticum,  Mer. 
Tenbratula  horia,  Sss. 
ShynrhonellaJUncoMiata,  Sss. 
2.  Qrey  Lithodendron  limestone  shewing  sections  of 

small  shells  on  weathered  surfaces    ... 
8.  Qrey  limestone  with  fossils  as  bed  1,  and  Litho' 
deudroit        •••  •••  ••• 

4.  Dark  grey  sandstone-like  crinoid  limestone  with 

numerovs  white  calcspar  veins 

5.  Uneven  shaly  beds  similar  to  (4) 

6.  Dark  grey    crinoid  limestone  altemating    with 

shaly  beds  •..  •«•  ••• 

7.  Grey  massive  crinoid  limestone 

8.  Sandstone-like  limestone,  false-bedded,  here  and 

there  shaly  ...  •••  ••• 

9.  Dark  brecciated  limestone  with  crinoids 

10.  Very  hard  grey  crinoid  limestone  with  Liihoden' 

dfOH  •••  •••  •••  ••• 

11.  Flaggy  beds  of  crinoid  limestone 

12.  Brecciated  bed,  made  up  of  angular  pieces  of  dark 

limestone  with  a  few  rounded  pebbles;  thins 
out  rapidly 
18.  Crinoid  limestone,  locally  as  (12) 

14.  Dark  crinoid  ^limestone  in  irregular  beds  with 

white  calcspar  veins    ... 

15.  Grey  dolomitic   limestone  in  beds  of  about  14" 

altemating  with  papery  shales 

16.  Dark  grey  sandstone-like  crinoid  limestone,  top 

beds,  shaly  towards  base,  in  thick  masses 

17.  Dark  grey  flaggy  limestone  (unfossiliferous)  in 

beds  of  about  2"  to  5",  with  shaly   partings  ... 

18.  Brown  shaly  sandstone  thinning  out 

19.  Flaggy  limestone,  vertically  jointed 

20.  Uneven  sandstone  bed         ^ 

21.  Grey  calcareous  sandstone  /with     thin     shaly 

22.  Grey  limestone  I      partings. 

23.  Grey  calcareous  sandston©  / 
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Dachstein  lime- 
stone. 


24. 
25. 

26. 
27. 
28. 

29. 

80. 
81. 
82. 
88. 
84. 
85. 
86. 
37. 
88. 
89. 
40. 
41. 
42. 
48. 
44. 
45. 
46. 
47. 
48. 
49. 
60. 
51. 
52. 
53. 
54. 
55. 
66. 
67. 
68. 
59. 
60. 
61. 
62. 
68. 
64. 
65. 
66. 
67. 


M 


it 


Qrey  limestone  flags  with  shaly  partings 
friable  shales 
limestone 
Friable  grey  needle-shales 
Grey  limestone  in  massive  beds  with  a  few  thin 

partings  of  shales 
Dark  grey  needle-shales,  thin  out  and  pass  into 

limestone  ... 
Thin  flaggy  limestone  beds 
Dolomilic  limestone 
Shaly  limestone 

Crinoid  limestone  with  some  fossils  (Kdssen  type) 
Sandy  shales  ...  ...  . 

Crinoid  limestone 

Pftpery  sandy  shales 

Brown  calsareous  sandstone  (fossils)  ... 

Crinoid  limestone 

Shaly  „ 

„     and  papery  calcareous  beds     ... 
Grey  Umestone 
Sandy  shales    . 
Crinoid  limestone 
Papery  calcareous  shales  ... 
Sandstone  shales 
Shaly  crinoid  limestone    ... 

„      and  flaggy  crinoid  limestone   ... 
Grey  calcareous  sandstone 
snaies  ...  ...  ...  ,,, 

Grey  crinoid  limestone     ... 

Sandy  shales  ... 

Papery  marly  shales 

Grey  limestone  with  shaly  partings  ... 

Friable  limestone  shales  ... 

Marly  bed      ...  ...  ... 

Irregular  bed  of  grey  limestone;  thins  out 

Flaggy  limestone  with  shales 

Grey  crinoid  limestone  with  BeUmniteM 

Limestone  flags  with  friable  shales     ... 

Crinoid  limestone  with  Pecten  bifrons.  Salt 

Limestone  flags  and  shales 

Shaly  calcareous  sandstone 

Crinoid  limestone  with  a  shaly  parting 

„  „         with  Peoien  bifrons,  Salt 

Dark  limestone  alternating  with  shaly  crinoid  beds 
grey  limestone,  dolomitic,  with  shaly  partings 
fossiliferous  crinoid  limestone    in    massive 


»» 


t* 


J  68. 
69. 


UVUB  •••  •••  ••#  •■• 

Grey  earthy  limestone  full  of  Myadtet  sp. 

Hard  limestone  beds,  containing  many  fossils,  and 
on  the  weathered  surfaces  showing  sections  of 
large  Uegalodon  sp.    ... 


Thicxhbbb. 

Ft. 

In. 

2 

0 

0 

6 

0 

9 

0 

2 

1 

2 

0 

6 

0 

8 

2 

4 

1 

0 

1 

8 

0 

5 

0 

2 

0 

7 

0 

4 

1 

2 

1 

3 

0 

3 

0 

31 

1 

0 

0 

2i 

0 

5 

0 

8 

2 

0 

0 

4 

0 

2 

0 

7 

0 

6 

0 

10 

0 

10* 

1 

0 

0 

8 

1 

3 

6 

9 

0 

5 

4 

0 

1 

4 

2 

4 

2 

9 

1 

9 

3 

0 

4 

0 

85 

0 

45 

0 

7 

0 

35 
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THTGKVS88. 

Ft. 

In. 

7 

6 

6 

0 

3 

6 

45 

0 

135 

0 

223 

0 

lattenkalkS 
of  Gumbel.      i 


70.  Hard  crinoid  limestone  in  thicker  beds 

71.  Dolomitic  limestone 

72.  „  M         in  flaggy  beds    ... 

73.  Massive  grey  dolomite,  towards  base  rather  flaggy 
Hanptdolomit    ...  74.        „       dolomite,  with  scarcely  any  bedding 

75.  As  (74),  but  with  partings  of  crinoid  limestone   ...     223 

76.  Dolomite  in  beds  of  about  4  feet  thickness  towards 

base,  reddish,  and  containing  LUhodendron   ...       98  0 

77.  Dark  concretionary  limestone  with  reddish  pnrple 

cellular  Ranchwacke  appearance  here  and  there, 

in  beds  of  6  inches  to  1  foot  ...  ...         5  0 

78.  Crinoid  limestone  in  thicker  beds       ...  ...       11  0 

79.  Dark  dolomites  in  massive  beds,  the  contact  sur- 
faces knitted  together  (resembling  sutures,  in 
the  outcrop)  ...  ...  ...     100  0 

80.  Dolomites  and  limestone  beds  with  "knitted" 
contact  surfaces  as  (79),  full  of  LUhodendron, 
and  with  a  few  shaly  partings       ...  ...       48  0 

81.  Massive  beds  of  dark  blue  limestone  and  dolomite 
alternating  with  flaggy  beds  of  limestone;  the 
latter  form  about  12  feet  of  the  upper  part. 
Some  masses  of  it  of  dark  pnrple  colour  with 
crinoid  sections  ...  ...  ...       50  0 

82.  Dark  dolomites  with  calcspar  veins   ...  ...     147  0 

83.  „  ,9  flsggy  beds  and  partings  of 
shaly  sandstone  ...  ...  ...     241  0 

84.  Dark  hard  concretionary  limestone  alternating 
with  dolomitic  beds     ...  ...  ...      74  0 

85.  Grey  and  reddish  dolomites  in  perfectly  inacces- 
sible cliifs,  about         ...  ...  ...    700         0 


Total        ...  2,200  7i 


As  I  intend  to  give  here  only  a  short  description  of  the  lowest  members  of  the 
Trias,  I  v?ill  only  say  so  much,  that  in  the  main  the  above  Rhastic  section  cor- 
responds  exactly  with  the  typical  sections  of  that  formation  in  the  Austrian  Alps, 
namely,  we  have  here  in  descending  order : — 

1.  Lithodendron-limestone,  interbedded  with  limestone  containing  fossils  belonging  to  the 

Alpine  K5ssen  beds,  which  have  been  grouped  into  four  horizons  by  Suess=Hanptlitho- 
dendronkalk  with  KOssen  beds. 

2.  Thick-bedded  limestones,  here  and  there  dolomitic,  still  with  Lithodendrons  here  and 

there,  and  beds  with  Mega]odon=Dachsteinka]k. 
8.  Great    development  of    dolomites  and  flaggy  limestones^Hauptdolomit  with  Qiimbers 
Plattenkalk. 

The  nndercliff  consists  of  a  series  of  beds  which  represent  the  whole  of  the 
marine  Trias  beds  of  the  Eastern  Alps.  The  series  rests  on  the  denuded  and 
rugged  carboniferous  quartzites,  which  again  form  a  steep  cliff  falling  almost 
vertically  down  to  the  base  of  the  valley. 
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The  detailed  section  of  it  is  as  follows  : — 


Alps: 
Opponitzer  bods. 


Alps : 

Lanzer    and  Part* 
nach  beds. 


Alpi: 
HalUtadt  bcdi. 


Alps: 

St  CaiBian. 


Alps  : 

Wengen    beds    and 
St.  Cassian. 


Uppbb  Trias. 

22.  Compact  brown  (liver-colonred)  limestone,  with 
rongb  contact  surfaces ;  beds  nearly  of  equal 
thickness,  about  12  inches,  and  here  and  there 
separated  by  greenish-grey  shales.  Numerous 
bivalves,  closely  allied  to 

Corbis  mellingi,  Han.  var. 
21.  Liver-coloured  brown  limestone,  alternating  with 
greyish-green  shales^  containing  ... 

Corlns  mellinffif  Han.  yar. 

Orthoeeras,  sp. 
20.  Earthy  limestone  with  shaly  partings 
19.  Shaly  limestone  with  earthy  shales  alternating  ... 

Spirifer  Ulangenais,  Stol.  var. 
18.  Shaly  limestone  and    shales    with    hard  concre- 
tionary limestone 

17.  Greenish-grey  shales 

16.  Limestone  with  chert  nodules 
IB.  Flaggy  limestone 

14.  Friable  greenish-grey   shales,  weathering  brown, 
with  flaggy  limestone  alternating 

18.  Marly  friable  shales 
12.  Hard  grey  limestone 

11.  Hard  grey  limestone,  weathering  brown,  rather 
silicious,  containing  nodules  of  white  concre- 
tions with  fossils : 
OpU  glohala,  Dtm. 
Acrochordiceras  spineicens,  Han. 
Tropite*  ehrlichi,  Hau. 

var.  FeistmanieU,  n.  sp. 
Balatoniies  himalayanus,  Blfd. 

10.  Grey  earthy  limestone  beds,  with  marly  and  shaly 
partings,  weathers  brown. 
9.  Same  as  (10)  with 

Spirigera,  sp. 
9,  10,  and  11,  total 
8.  Greyish-green  micaceous  shales,  a  few  plant  im- 
pressions 
7.  Shaly  grey  earthy  limestone 
6.  Dark  splintery  limestone  flags  with  dolomitic  beds 

and  very  scarce  partings  of  black  shales 
6.  Black  limestone  beds  in  flags  of  about  6  inches 
thickness,  which  form  groups  of  about  3  feet 
thickness,  alternating  with  the  same  thickness 
of  black  splintery  f hales,  with 
a  species  of  the  group  of  the 
AmaUheida 

Halohia  rareitriata,  Mojs. 
Daoitella  tt^rolenM,  Mojs. 


Thickvbss. 
rt.    Id. 


162 


29 


228 

0 

80 

0 

22 

0 

4 

6 

1 

6 

6 

0 

31 

0 

5 

0 

4 

0 

275 

IGO 
88 

76 


152 


0 

0 
0 


>» 


sp. 
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Alps  : 
Wengen  beds. 


Alps  : 
Bucbensteiu  beds. 


4.  Dolomitic  limestones  in  more  nuissive  beds,  witb 

few  sbaly  partings 
8.  Sbaly  limestone  witb —  ... 

Daonella,  sp. 

Spirifer  lilan^entis,  Stol.  var. 

2.  Tbick -bedded  sbnly  limestone  witb  traces  of  fos* 
sils,  mostly  Ammonites 

1.  Black  limestone  flags  of  about  12  incbes  tbickness, 
eacb  alternating  witb  black  splintery  sbales 
of  same  tbickuess       ...  ...  ... 

LowBB  Tbias. 


Thiokitsbb. 

Ft. 

In. 

88 

0 

38 

0 

AS 
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II.      ViBOLOBIA 
IiIMBSTOKB. 


i 


6.  Reifling  limestone    122.  Very  bard  grey  concretionary  lime- 
(Alps).  stone  in  massive  beds  witb  subor- 

dinate partings  of  dark  sbnles  con- 
taining many  fossils  very  difficult 
to  extract :  about 

Orthoceras  dubium,  Hau. 
Trachyceraa  voiti,  0pp. 

thuUleri,  0pp. 
sp. 

Arcestet  diffiasut,  Hau« 
Ptffchites  gerardi,  Blfd. 
Pinacoceras  floridtun,  Wulf, 
Pecten,  sp. 
Myoconcha,  sp. 
Pleurotoma  aterilis,  Stol. 
BepHUan  hones, 
a.  Recoaro-limestone   121.  Eartby-grey  limestone,  towards  base 


f> 


>f 


(Alps). 


1.    WXBJBV  BBDS 


b.  Canipilcr  beds 
(Alps). 


soraewbat  sbaly : 
JRhynchonella  temiplecta,  ^ 

Miin.,  var.  /  in  great 
y,  salteriana,  C  numbers. 

Stol.  ^ 

120.  Hard  grey  splintery  limestone 
119.  Dark  friable  cluysbales,  weatbering 

variegated  ... 

118.  Limestone... 
117.  Limestone  witb  sbaly  partings 
116.  Limestone ... 
116.  Sbales         ...  ...  ... 

114.  Limestone... 

113.  Sbales  alternating  witb  12  tbin  beds 

of  limestone  ... 

112.  Limestone ...  ...  ... 

111.  Shales 

110.  Limestone  ...  ... 

100.  Sbales  witb  limestone  partings 
108.  Limestone ...  •••  ... 

107.  Shales,  alternating  witb  11  limestone 

partings  ... 

C 


n. 


60 


3 


In. 


8 


0 

3 

0 

4 

1 

6 

0 

1 

2 

0 

0 

7 

1 

0 

0 

0 

0 

4 

0 

34 

1 

2 

0 

6 

2 

0 

2 
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ft. 

In. 

106.  Limestone... 

0 

8 

106.  Shales 

0 

10 

104.  Limestone ... 

0 

6 

108.  Shales  with  6  limestone  partings 

0 

11 

102.  Limestone ... 

0 

5 

101.  Shales 

0 

7 

100.  Limestone... 

0 

7* 

99.  Shales 

0 

6 

98.  Limestone ... 

0 

7 

1 

97.  Shales  and  limestone  partings 

1 

2 

96.  LimestonB... 

0 

8 

95.  Shale« 

0 

7 

94.  Limestone  ... 

0 

4 

93.  Shales 

0 

7 

4i 

92.  Limestone ... 

0 

9 

91.||^  Shale  with  10  limestone  partings 

1 

4 

90.  Limestone ... 

0 

7 

Salt-range : 

89.  Shales  and  hmestone  partings 

0 

10 

Zone  of  N,  planulatus,                     Noriiet  planulatus,  DeKon. 

DeKon. 

88.  Limestone... 

•  •  • 

0 

6 

87.  Shales  with  limestone  parting 

•  ■  • 

0 

1 

86.  Limestone ...                ..^ 

86.  Shales  with  2  limestone  partings 

•  •  • 

0 

2 

# 

•  •  • 

0 

8 

84.  Limestone ... 

•  »• 

0 

6 

• 

88.  Shales 

«  •  ■ 

0 

3 

82.  Limestone  with  one  shaly  parting 

* 

r 

•  •• 

0 

4 

81.  Shales  with  two  limestone  partings 

0 

6 

80.  Limestone  ... 

«  •  • 

0 

8 

MonophyllUet  weitoni,  0pp. 

79.  Shales 

•  •• 

0 

5 

78.  Limestone... 

•  •  ■ 

0 

5 

77.  Limestone  with  three  shaly  partings 

0 

6 

76.1Limestone... 

*  ■  ■ 

0 

5 

75.  Limestones  with  17  shaly  partings 

1 

7 

74.  Shales 

•  t  • 

0 

2 

78.  Limestone 

•  •• 

0 

6 

72.  Shales 

•  •  t 

0 

i 

71.  Limestone 

t  •« 

0 

2 

Salt-range':  zone  of 

70.  Shales  with 

t  •  • 

0 

^ 

Ophicerat  lifelUa- 

Ophieerat  tibetieum,  n.s. 

num,  DeKon. 

69.  Limestone... 

fl  •  • 

0 

i 

68.  Shales 

•  •  t 

0 

2 

67.  Limestone 

••• 

0 

1 

66.  Shales 

«  «  • 

0 

1 

1 

66.  Limestone... 

•  •• 

0 

1 

64.  Shales 

•  •• 

0 

1 

68.  Limestone 

•  •• 

0 

4 

1 

62.  Shales 

•  *• 

0 

i 

61.  Limestone 

•  ■  • 

0 

1 

60.  Shales 

•  •• 

0 

2 

59.  Limestone 

•  •• 

0 

3 

58.  Limestone  with  6  shaly  partings 

•  •# 

0 

6 
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Thickvim. 

rt. 

In. 

67.  Limestone 

...                •  1 . 

0 

2 

56.  Shaly  limestone             .*• 

0 

1* 

65.  Shales 

...                •  ■  I 

0 

1 

64.  Limestone  witli  2  shaly  partings 

0 

6 

63.  Limestone  with  shales  ... 

0 

3 

62.  Limestone 

• ..                •• . 

0 

6 

61.  Shales 

•••                .*• 

0 

i 

60.  Limestone 

•i.                                            (t . 

0 

1 

49.  Shales  and  limestone     ... 

0 

H 

48.  Shales 

* . t                                            ... 

0 

H 

47.  Limestone 

...                                            • . . 

0 

3 

4d.  Shales 

...                                            ■  .  • 

0 

2 

45.  Limestone 

...                                             •  .  • 

0 

H 

44.  Shales 

•.1                                            ••■ 

0 

I 

48.  Limestone 

•  . •                                            ... 

0 

8 

42.  Shales  with 

a  thin  hed  of  limestone 

0 

5 

41.  Limestone  with  9  shaly  partings 

... 

1 

3 

40.  Limestone 

...                ... 

• .  1 

0 

1 

39.  Limestone 

...                ... 

... 

0 

8 

38.  Limestone  with  14  shaly  partings 

... 

1 

2 

37.  Limestone 

•••                *•* 

... 

0 

H 

3&  Shales 

...                ... 

*■* 

0 

m 

2 

36.  Limestone  with  shaly^partings 

.*• 

0 

H 

34.  Shales 

•«•                ... 

•.• 

0 

1 

38.  Limestone  with  8  shaly  partings 

..1 

0 

• 

5 

32.  Shales 

•••                ••. 

•  • . 

0 

2 

81.  Limestone 

...                .«• 

•*. 

0 

2 

80.  Shales 

.«.                ... 

••• 

0 

3 

29.  Limestone 

• . .                ... 

.«• 

0 

H 

28.  Shales 

..1                ... 

... 

0 

2 

27.  Limestone 

...                ... 

• .. 

0 

H 

26.  Shales 

• . .                ... 

•« . 

0 

25.  Limestone 

...                ... 

... 

0 

M 

1 

24.  Shales 

..•                «.. 

... 

0 

IJ 

23.  Limestone 

...                ... 

... 

0 

2 

22.  Shales 

•• •                 ... 

... 

1 

0 

2L  Limestone 

•••                •*• 

... 

0 

3 

20.  Shales 

.. •                ... 

•«. 

0 

1 

19.  Limestone 

• .  •                •** 

••• 

0 

3 

18.  Shales 

• . •                ... 

... 

0 

4 

17.  Limestone 

.*•                ... 

... 

0 

3 

16.  Shales 

•*•                ... 

••  * 

0 

10 

15.  Limestone  with  shaly  partings 

... 

1 

6 

14.  Limestone 

*••                •  •  • 

... 

0 

6 

18.  Shales 

•>•                ... 

... 

1 

0 

12.  Limestone 

• • •                ... 

... 

0 

H 

11.  Shales  with   11  thin  layers  of  hard 

m 

splintery  limestone 

... 

0 

4i 

10.  Limestone 

• • •                 ... 

... 

0 

8 

9.  Shales  with  limestone  (1")  towards  top 

with— 

6 

0 

Otoeerai  woodwardi,  n.s« 
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Tkickvsss. 
Ft.       In 


L  Webfkkbeds.  *^ 
— ooncld. 


» 


) 


l 


8.  Limestone  ...  ... 

7.  Shales 

6.  Limestone  with — 

XenodUcus  ga  ngei  icu .«,  De  Kon . 
„  huchiannttt        „ 

Salt-range,  zone  of  Pfy-  5.  Variegated  papery  shales 
chites  lawrencianus,     4.  Limestone  with — 
DeKon.  Aticula  venetiana,  Hau. 

Xenodiicus  demiasns.  Mgophoria  ovata,  Br. 

gangeticui,         Posidonomya  angusta,  Han. 

Otoceraa  fcoodwardi,  n.s. 
Xenodiscus  demissu*,  0pp. 

*>  gangetieuf,  DeKon. 

3.  Friflble,  papery  shales  with  a   parting 
of  limestone  (I")  with — 
Otocercts  woodwardi,  n.s. 
2.  Dark  grey  limestone  with  shaly  layers 

»>  IXII"^  ...  a*.  ••• 

Posidonomtfa  angusta,  Hau. 

Oervillia  mytiloideSy  Schlot. 

Modiola  iriquetra,  Seeb. 

Mgophoria  ovata,  Gdfss. 

Avicula  venetianQy  Hnii. 

Sellerophon,  sp. 

Nautilus  brahmanictts,  n.s. 

Otoceraa  woodwardi^  n.s. 

»  »  var.   undula- 

turn,  n.s. 

Ptgchites  lawreneianus,  DeKon. 
Opkiceraa  medium,  n.s. 

himalayenae,  n.8. 

tiheticum,  n.s. 

densiteata,  Waag.,  var. 
Xenodiacua  gangelieua,  DeKon. 

demiaaua,  0pp. 
Trachgeeraa  gihboaum,  n.8. 
1.  Dark,  carbonaceoos,  cmmbling  shales, 
micaceous,  weathering  in  reddish  and 
deep-brown  tints,  giving  it  a  variegat- 
ed appearance,  with  a  few  thin  beds  of 
hard  grey    limestone.      The  general 
character  of  these  shales  is   the  same 
as  of  all   the  intercalated   beds    of 
shales  of  the  beds  above 
It  yielded — 

Monotia  clara,  Eramr. 

Produclua  latirostratua,  Howse,  var. 

Arceatea  sp. 


b.  Campiler  beds 
(Alps). 


u 


»t 


•* 


»» 


a.  Seiss  beds  (Alps)    ^ 
Salt-range  Prodactus 
beds. 


0 
0 
0 


0 
0 


127i 


2 
3 


6 
4 


l']if   v]    ie  rests  or  the  carboniferous  series. 
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The  above  list  of  beds,  it  will  be  seen,  corresponds  in  a  marvellous  degre  e 
with  the  beds  of  the  Trias  as  developed  in  the  Eastern  Alps,  and  the  order  stands 
therefore  as  follows : — 

TAe  Trias  in  the  Himalaj/as, 


^  ( 


Character  of  rocks. 


9 


6.  Liver-coloured  lime- 
stone with  greenish 
shales. 

6.  Friahle  shales  and 
earthy  heds.' 

4.  Limestone 

3.  Earthy  beds  and  shales 

2.  Black  limestone  and 
dolomites. 

1.  Black  limestone  flags 
and  splintery  shales. 


4.  Hard    gprey    concre- 
tionary limestone. 

3.  Earthy  limestone 


2.  Limestone  and  shales. 


1.  Dark  shales,  etc. 


Zones. 


Corhis  mellingi,  Hau. 
var. 


8pir,  lilangeni*$,  Stol. 
TropiteB  ehrlichi 


DeMneUa    t^rolentii, 
Mojs. 

Brachiopods 


Piychites       gerardi, 
Blfd. 

Rhyne'honella     iemi' 
plecta,  M(in.,  yar. 

Posidonomy  a  anguitet, 
Han. 

MonotiM  clarcBf  Emm. 


Correlation  with  horizons  in 
the  Eastern  Alps. 


Opponitz  and  Raibl. 


Hallstadt  and 
St.  Cassian. 
Wengen. 


Bnchenstein. 


Beifling  lime- 
stone. 

Becoaro  lime- 
stone. 


Virgloria 
limestone 


Trias  in  Germany. 


\  Keaper. 


1 


Muschelkalk. 


Campiler  heds  '\ 

>  Werfen  | 
Beds  of  Seiss  )  ^®^     ^ 


Bontsandstein. 


As  far  as  is  known  at  present,  this  succession  of  horizon  holds  good  in  India 
o^er  a  considerable  area,  to  judge  from  certain  beds,  which  have  been  found  in 
other  parts  of  our  Himalayas.  The  lower  group  has  been  described  by  Stoliczka 
from  the  north-west  Himalayas  (Spiti),  but  he  considered  only  the  upper  part  of 
the  Lower  Trias  as  such,  with  Bhynchonella  salteriana,  Stol.,  and  Ptychites 
gerardtf  Blfd.  He  certainly  came  across  the  lower  group,  but  in  the  absence  of 
known  Trias  fossils  he  represented  it  as  upper  carboniferous,  containing  numer- 
ous ProdtietuB  semireticulattts,  Mart,  (sp.),  Spirifer  rajah,  Dav.  I  have  compared 
some  of  his  original  specimens  with  my  own  collection,  and  have  no  doubt  that 
the  beds  are  quite  identical  both  in  lithological  character  and  probably  in  their 
fossil  contents. 

It  might  be  urged  that  the  presence  of  the  Productus  speaks  for  a  Permian  age 
of  these  deposits ;  but  taking  into  consideration  the  fact  that  stratigraphically 
the  complex  of  Trias  beds  is  a  connected  series  of  deposits  without  any  interrup- 
tion, with  the  greyish  black  shales  invariably  at  their  base,  the  whole  resting  on 
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a  ragged  and  denuded  surface  of  the  carboniferouB  quarUite,  it  must  be  admitted 
that  on  this  account  alone  the  shales  (Kuling  shales  of  Stoliczka)  must  be  included 
amongst  the  Triassic  group.  These  shales  resemble  the  Werfen  beds  of  the  Alps, 
not  only  in  lithological  character,  but  also  in  the  fact  that  here  as  there  they 
contain  a  number  of  older  forms  of  life  side  by  side  with  new  arrivals.  Such  is, 
it  appears,  the  case  with  the  Werfen  beds  of  Armenia^. 

The  following  forms  of  the  1st  and  2nd  g^ups  of  the  lower  Trias  are  identical 
with  such  of  the  Werfen  beds  of  the  Alps : — 

Jfonotia  elara,  Emm. 
„      an^futta,  Han. 
Oenrillia  mytiloidet,  Schl. 
Modiola  triquetra,  Seeb. 
Myophoria  ovata,  Qdf . 
Avieulm  venetiana,  Han. 

Nearly  identical  with  a  Hallstadt  f orm  is  Ophiceras  (Amm,)  densitesta,  Waag.* 

All  the  other  species  represent  earlier   stages  of   forms  found  also  in  the 

triassic  beds  of  the  Eastern  Alps. 

So  for  instance  : — 

^  Hungaritei  (?)  Strombeeki,  Griep. 

Otoeenu  woodwardi  allied  to  J  „  McaphUiformis,  Hau. 

(  „  talaemu,  Bdkh. 

Ophicerai  tibeticum,  n.s.,  allied  to  Lytoceras  sinwnyi,  Hau.,  and  other  Lytocera- 
tiieSf  occurring  in  the  Lower  Trias. 


DESCRIPTION  OP  NEW  SPECIES. 


Class:   CEPHALOPODA. 

Order :  TJESTBABBAirCHLA.TA. 

Family:  NAUTILI D^ 

Genus:  NAUTILUS. 

Naxttilus  quadrangulus,  Beyr.,  var.  brahmanious,  n.  s.  Plate  I,  figs.  1—3. 

This  species  is  most  nearly  allied  to  the  Liassic  forms,  of  which  N,  aratus, 
Schl.,  is  the  representative.  The  shell  is  considerably  involute,  the  umbilicus  deep. 
The  ventral  side  flattened,  the  section  of  the  shell  sub-angular.  The  descent  to 
the  umbilicus  is  vertical  and  sharply  defined.  Five  radial  lines  of  growth  are 
visible,  and  a  few  broad  indentations  at  intervals  of  about  f  inch  along  the  last 
chamber  indicate  a  faint  kinship  of  this  form  to  Nautilus  fugax,  Mojs.'  Towards 
the  mouth  the  shell  opens   out,   trumpet-shaped.     What  remains  of  the  last 

1  Abich :   Geol.  Fonchangen  in  den  EAukas.  L&adern,  Itt.  Theil,  Wien,  1878. 
8e9  also  Mojsisovic'B  Verh.  Geol.  Beichsanst.,  1879,  p.  171. 
s  Benecke's  Qeog.  Pal.  BeitrSge,  I,  p.  869. 
*  Jahrb.  k.  k.  Geol.  Beichaanst,  1869,  PI.  XIX,  fig.  8. 


PART  2.]      Griesbaeh:  Palaontological  notes ,  Jjower  Trius,  Himalayas.  105 

chAmber  amonnts  to  exactly  one-half  of  the  entire  evolution.  Siphon  situated  at 
about  -f  of  the  height  (fig.  3).  The  septa  show  nearly  the  same  lines  as  Nautilus 
suha/ratuSf  Kbjs.  ;^  the  pointed  antisiphonal  lobe  marks  this  species  at  once  as 
belonging  to  the  forms  of  which  N,  a/ratus,  Schl.,  is  the  type.  The  number  of 
Bepta  are  about  thirty  in  a  whorl. 

The  only  character  which  distinguishes  this  species  from  Beyrich's  species 
N.  quadrangulus^  is  the  fact,  that  the  German  Muschelkalk  form  seems  more 
compressed  than  our  species,  so  far  as  1  can  judge  from  the  figure  giren.  But 
there  can  be  no  doubt  that  the  German  Muschelkalk  species  is  a  descendant 
of  this  lowest  Trias  form. 

Likewise  Nautilus  spitiensis,  Stol.,  is  probably  also  only  a  later  stage  of 
development  of  this  species,  which  is  common  in  the  Werfen  horizon  of  the 
Tibetan  Himalayas. 

With  the  exception  of  the  angular  shape  of  the  section  of  the  whorls  which 
is  so  marked  in  the  Indian  species,  it  agrees  very  nearly  with  NautUua  svharaius^ 
Keys.,  both  in  general  shape  and  course  of  the  lobe  line.  In  fig.  2  I  have 
shown  another  specimen,  which  I  cannot  separate  at  present  from  the  larger 
form  in  spite  of  the  indication  of  a  hexagonal  outline  of  the  section  of  the 
mouth  as  shown  in  the  figure.  It  is  probably  only  a  younger  individual  of  the 
same  species. 

It  is  very  numerous  in  Bed  2  (horizon  of  Posidonomya  angusta,  Hau.-)  of 
the  lowest  Trias. 

Class.  CEPHALOPODA. 

Order:  ? 
Family:  AMMONITIDM, 
Tribe:  PINACOCERATID^. 

Genus :  OTOCERAS,  n.  g.* 

Amongst  the  numerous  forms  found  in  Bed  2  (horizon  of  Posidonomya 
angusta,  Hau.),  one  of  the  most  remarkable  groups  is  that  for  which  I  propose 
the  above  name.  Occurring,  as  they  do,  in  a  bed  belonging  to  the  lowest  Trias, 
they  form  the  connecting  link  of  a  group  of  forms,  the  first  of  which  appear  in 
the  paleozoic  epoch. 

The  earliest  species  belonging  to  the  tribe  of  Pinacoceratida  appear  in  the 
Devonian,  where  we  find  the  Sageceras  sa^gittarius,  Sandb. 

In  the  Permian  of  Armenia  we  find  again  several  species,  and  representa- 
tives of  it  are  found  in  India  (Salt-range)  and  pass  on  into  Upper  Trias,  where 
many  species  belong  to  that  genus. 

The  species  described  under  the  above  generic  name  appear  in  the  lowest 
Trias  as  companions  of  a  number  of  early  Triassic  types,   in  the  same  bed  with 

1  Middendorf 8  Reise  in  Sibirien,  PI.  IV,  fig.  8. 
3  Abb.  Akademie,  Berlin,  Fl.  Ill,  fig.  6. 

*  Ows,  6705  =  ear. 
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Fo8,  angusta^  Han.  Though  it  seems  that  there  are  several  varieties,  if  not  species, 
amongst  the  nnmerons  specimens  obtained,  I  prefer  to  include  them  for  the 
present  under  one  collective  name. 

Otocebas  woodwardi,  nov,  spec.  Plate  I,  figs.  4  &  5,  and  Plate  II. 

Shell  involute,  with  very  deep  umbilicus,  with  rapidly  increasing  outer 
whorls.  The  part  of  the  shell  nearest  the  umbilicus  bulged  out  into  an  ear.like 
shape,  giving  the  section  of  the  shell  (Plate  I,  fig  4a,)  a  more  or  less  rhom- 
boidal  aspect. 

It  is  very  probable  that  the  last  whorl  in  adult  individuals  covered  and 
enclosed  the  entire  shell.  In  all  the  specimens  which  I  collected  there  is  a 
tendency  to  enlarge  the  latter  whorls  at  the  expense  of  the  umbilicus.  The 
sides  of  the  shell  are  only  slightly  curved  and  slope  towards  the  sharp  knife-like 
siphonal  side  enclosing  an  angle  of  about  Q7^,  The  compressed  siphonal  side 
is  one  of  the  most  characteristic  features  of  this  species.  In  one  of  the  adult 
specimens  (Plate  I,  fig.  4),  this  part  of  the  shell  has  quite  the  appearance  of  a 
sharp  knife,  and  only  a  faint  indication  of  a  three-edged  termination  is  visible^ 
whereas  in  some  of  the  younger  specimens  (Plate  II,  figs.  1  and  3)  and  even  in  the 
older  form  (Plate  II,  fig.  2a)  the  tripartita  character  of  the  siphonal  side  is  strong, 
ly  marked.  This  character  alone  would  stamp  this  species  as  belonging  to  Run- 
garitesy  Mojs.,^  of  which  H.  scaphitiformis,  Hau.,*  and  H,  zalaensis,  Bockh.,'  are 
the  types,  but  the  shape  of  the  ear-like  prolongation  of  the  sides  of  the  shell 
near  the  region  of  the  second  side-lobes  is  a  character  entirely  absent  in  the 
Austrian  genus.  A  line  connecting  the  ear-like  prolongations  of  the  sides,  or, 
in  other  words,  the  second  side-lobes,  will  intersect  the  median  plane  in  a  point 
from  which  to  the  siphonal  margin  of  the  preceding  whorl  is  about  the  third 
of  the  entire  distance  between  the  point  of  intersection  and  the  siphonal  margin 
of  the  outer  shell.  A  vertical  projection  of  the  inner  margin  of  the  first  lateral 
saddle  to  the  median  plane  will  intersect  that  plane  in  the  siphon  of  the  pre- 
ceding whorl. 

From  Plate  I,  fig.  4a,  it  will  be  seen  that  the  proportion  in  the  increase  of 
lateral  expansion  of  the  last  whorl  increases  rapidly  at  the  expense  of  the  increase 
to  the  height  of  the  shell,  and  it  is  not  at  all  improbable  that,  as  I  said  above, 
the  final  chamber  inclosed  nearly  the  whole  of  the  shell  in  adult  specimens, 
which  character  is  indicated  in  fig.  3  of  Plate  II,  which  shows  the  almost  vertical 
sides  of  the  umbilicus,  but  since  drawing  the  plates  I  have  worked  out  of  some 
blocks  of  stone  the  fragment  of  a  larger  specimen,  showing  part  of  the  last 
chamber  with  the  umbilicus.  The  latter  is  very  narrow  and  closing  in  towards 
the  outer  side.  The  shell  is  extremely  thick  near  the  ear-like  prolongation  in 
the  umbilical  region  and  covered  with  wrinkles.  The  shell  is  covered  with  fine 
wavy  Hnes  of  growth  S-shaped,  slightly  bent  forward  near  the  siphonal  margin. 

The  lobes  show  some  variation,  mainly  in  the  auxiliary  ones,  but  these  in- 
crease in  number  with  the  successive  whorls  in  the  same  specimen.     As  shown  in 

*  Verb.  Geol.  Reichganst.,  1879,  p.  140, 

Denksch.  Akademie  Wise.,  Wien,  1855,  PI.  Ill,  fig.  4. 
»  A.  M.  K.  Foldtani  int^zet,  Pest,  1872,  PI.  VII,  figs.  1  and  2. 
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the  drawings  of  lobes  in  Plate  II,  this  species  possesses  a  broad  siphonal  lobe 
ending  on  both  sides  of  the  semicircular  siphonal  saddle  in  a  sharp  point.  The 
external  saddle  (fig.  lb)  is  moderately  high  and  a  little  narrower  than  the  siphon- 
al lobe.  The  first  lateral  lobe  is  the  deepest  of  all,  of  the  same  width  as  the  exter- 
nal  saddle,   and  at  the    base  shows  plainly  a   tripartite    arrangement  of  the 

serration. 

I  remarked  also  that  the  corresponding  lobes  yary  on  each  side  of  the  specimen 
(fig.  1).  Whilst  the  first  lateral  lobe  of  the  left  side  shows  plainly  this  tripar- 
tite arrangement  of  serration,  those  on  the  right  side  have  an  additional  sharp 
point  added  to  the  lower  margin  of  the  lobe  as  shown  in  fig.  lb.  The  larger 
specimen,  fig,  4,  shows  a  still  more  complicated  serration  of  this  lateral  lobe, 
j^imilAT  also  in  figs.  3  and  5.  There  follows  in  all  specimens  a  very  large  first  lateral 
saddle,  slightly  bent  towards  the  inner  side,  with  following  rather  narrow  second 
lateral  lobe,  serrated  at  the  base,  this  serration  varying  in  the  different  specimens. 
The  second  lateral  saddle  is  only  half  as  high  as  the  first  and  great  lateral  saddle, 
rather  wider  in  proportion  to  its  height^  and  followed  by  one  or  two  auxiliary 
lobes  of  varying  course.  In  some  specimens  the  first  auxiliary  lobe  reaches  only 
half  down  the  rounded  and  broad  second  lateral  saddle  and  is  not  serrated  at  the 
base  and  might  be  described  as  a  rudimentary  lobe ;  in  others,  figs.  25, 4  and  6,  the 
auxiliary  lobes  and  saddles  are  similar  in  shape  to  the  last  lateral  lobe  and  saddle, 
decreasing  in  size  as  they  near  the  ridge  (r),  noticed  above.  Beyond  this  the 
sutnral  line  runs  in  a  series  of  rudimentary  lobes  and  saddles  to  the  sutural 
margin  (s),  where  it  forms  a  flat  serrated  lobe  ;  on  the  antisiphonal  side  I  noticed 
on  prepared  specimens  (fig.  6)  a  saddle,  as  broad  as  high,  sloping  towards  the 
marcrin  (s)  followed  by  a  narrower  but  deeper  lobe,  serrated  at  base,  and  a  second 
higher  and  wider  saddle,  similarly  sloping  towards  the  marginal  side.  The 
antisiphonal  lobe  is  bipartite. 

Locality. "^Sonth  of  Bimkin  Paiar  and  north  of  Kiunglnng  encamping  ground, 
head-waters  of  the  Ganges  river. 

Otoceras  woodwardi,  var.  undatum,  n.  s.  Plate  I,  fig.  5. 

With  the  first  described  specimens  and  only  at  one  locality  were  found  a  few 
individuals  agreeing  in  general  shape  and  lobes  with  Otocercu  woodwardi,  but, 
unlike  even  the  larger  specimens  of  this  species,  showing  very  marked  wavy  ribs, 
only  very  slightly  bent  forward  near  the  siphonal  margin,  but  swelling  out  near 
the  middle  of  the  side  of  the  shell.  As  none  of  the  other  specimens  show  this 
character,  I  have  thought  best  to  separate  it  for  the  present  aa  a  variety  of  the 
other  form* 

Locality. — South  of  Rimldn  Paiar,  east  slope  of  the  Kurgudthidhar  mountain. 

J.Ki«2/or7?w.— The  ancestors  of  the  forms  above  described  must  be  sought  for 
in  the  family  of  the  Pinacoceratidof,  Mojs.,  the  oldest  known  ones  of  which 
occur  in  the  Devonian  of  Oberscheld,  Pinacoceraa  Sagittarius,  Sandb.^  That 
SageceraSf  known  from  the  Permian  and  which  like  Pinacoceras  lived  up  to  the 

'  Sandberger :  ScbichteiiBystein  in  NMsao,  p.  77. 
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Upper  Triassic  times,  is  a  descendant  from  Pinacoeercu  is  probable.  There  is  an- 
other form  which  bears  close  resemblance  to  Otocercu,  Oonuxtiies  intumesenB,  Bey.  ^ 
yar.  a^ctUus,  which  is  a  close  relation  of  it  and  belongs  to  the  Devonian  system* 
In  external  shape,  thickness  of  shell,  fine  lines  of  growth  and  the  sharp-edged 
siphonal  margin,  they  are  all  bat  identical,  and  from  the  figure  (la)  it  seems 
as  if  this  species  also,  in  a  rudimentary  stage,  possessed  the  ear-like  prolongations 
of  the  shell  near  the  nmbilical  region.  Turning  to  the  lobes  we  find  also  the 
first  lateral  saddle  largely  developed  and  turned  towards  the  umbilicus,  and  an 
indication  of  a  [second  lateral  saddle,  but  the  lobes  terminate  in  simple  sharp 
points  only,  though  corresponding  in  general  proportion.  The  line  of  projection 
of  the  preceding  siphonal  margin  (vertical  to  the  median  plane)  cuts  through 
the  second  lateral  lobe  near  the  inner  margin  of  the  great  first  saddle.  We  have 
here  the  true  predecessor  of  Otoceras  in  Devonian  beds. 

The  next  younger  form  known  is  Hungarites  (CeraiUes)  strombedn,  Griep.' 
from  the  lowest  Wellenkalk  of  Brunswick,  which  shows  many  characteristics 
of  my  genus,  but  most  so  in  the  form  of  the  lobes  (fig.  3)  which  are  nearly 
identical  with  mine.  Apparently  also  the  projection  of  the  siphonal  margin  of 
the  preceding  whorl  passes  through  the  second^  lateral  lobe. 

Whether  the  genus  Hungarites^  is  a  further  development  of  Otoceras  is  not 
quite  clear  to  me,  but  the  description  of  the  lobes  given  by  J.  Bockh*  seems 
to  point  to  a  relation  wiih  the  older  form  of  Otoceras,  Mojsisovic*  hints  at  the 
possible  derivation  of  Pinacoceras  from  QoniatUes  emadatus^  Barr.,*  and  indeed 
this  species  shows  even  greater  likeness  in  general  form  and  arrangement  and 
position  of  the  lobes  to  Oaniaiites  intumescens.  Bey.,  so  that  there  is  the  indica- 
tion of  a  pedigree,  which  would  stand  thus : 


Silurian 


...     OoniaiiteM  emaeiaius,  Bair. 

I 


Devonian^ 


Carbons,  and  Permian — 


Werfen  beds — 


Pinacoeeras  8<tgiitariu9 


Oon.  ifUumefcet 


Sojfeeeras 


Lower  Wellenkalk— 


I 
Carnitet 


I 

NoriteB 


Oioceras 


MungarUe* 


I  Sandberger^B  Verst.  Rhein.  Scbicbtensyst,  Taf .  VII,  fig.  1. 

s  Zeitich.  Dentsch.  Geol.  Oesellscli.,  Taf.  VII. 

3  Verb.  G«ol.  Beicbsanst.,  1879,  p.  140. 

«  F5ldtani  int^zet,  1873,  p.  166. 

^  Abb.  Geol.  Reicbsanst.,  Bd.  VI,  p.  48. 

•  SjHt.  SU.,  Vol  II,  R.  HI. 
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Pttchitbs    LiWRBNCUNUS,    DeKon. :    Quart.    Journ.    Geol.    Soc,    Vol.    XIX, 

PI.  VI,  fig.  3. 

As  sucli  I  determine  a  few  not  well  preserved  specimens.  They  agree  very 
weU  in  general  shape  and  in  ^e  formation  of  lobes  with  the  Salt-range  species, 
bat  with  this  exception,  that  my  specimens'  exhibit  traces  of  an  ear-like  ridge 
near  the  nmbilical  margin,  thus  showing  some  kinship  to  (Hoceraa  woodwardi. 
Further  researches  in  the  Himalayas  may  reveal  better  specimens. 

Of  older  forms  the  most  nearly  allied  are  Ghniaiitea  hoBninghausi,  Von 
Baoh,^  O.  intumesceiUf  Bey.,  var.  intermediTMf  8andb.,'  and  0.  huchiiy  Vem.,^  thus, 
showing  in  some  degree  a  derivation  from  the  early  types  of  Otoceras,  and  itself 
representing  a  predecessor  of  the  later  Ftychites  forms  of  the  Muschelkalk. 

Genus:  NORITES. 

NoBiTBS   PLAKULATUS,    DeKon.,    var. :    Quart.   Journ.    Geol.    Soc,   Vol.    XIX, 

PI.  V,  fig.  1. 

My  species  differs  somewhat  from  DeKoninck's  figure,  in  that  the  ribs  on  tlie 
sides  of  the  shell  are  more  strongly  marked  and  seem  indeed  to  form  tuber- 
culous masses ;  the  siphonal  part  is  perfectly  flattened,  and  resembles  in  that 
Norites  gondolaj  Mojs.  This  species  is  common  in  the  higher  beds  (89)  of  the 
Campiler  group  of  the  lower  trias. 

There  is  an  excellent  predecessor  to  this  species  found  in  Qoniatites  tenxiistru 
attu,  Vem.* 

Tribe:  LYTOCBBATEDJE. 

Genus:  OPHICERAS.* 

Under  this  generic  name  I  propose  to  unite  forms  which  possess  the  external 
characters  of  the  Lytoceratidaf  but  possess  a  much  simpler  lobe-line  even  than 
MonophyllUeSf  and  must  be  considered  as  an  older  stage  of  development  of  the 
LytoceratUeSf  which  appear  first  in  the  Muschelkalk.  For  the  description  of 
the  generic  characters  I  refer  to  Ophiceras  tibeticumy  n.  s.,  which  may  be  looked 
upon  as  the  type  of  my  genus. 

Ophicbras  tibbticum,  n.  sp.  Plate  III,  figs.  1  to  7. 

Shell  compressed,  section  of  whorls  oval  and  widening  near  the  umbilicus 
(see  figs.  2  and  3)  ;  the  latter  large  and  shallow.  The  shell  with  seven  to  nine 
whorls,  each  covering  a  little  more  than  a  third  of  the  preceding  one.  The  shell 
is  thick,  especially  so  near  the  umbilicus,  and  covered  with  fine  wrinkles  or  lines 
of  growth  S-shaped  and  bent  forward  near  the  siphonal  side  (figs.  4  and  ^) 
In  the  body-chamber,  they  assume  the  character  of  fine  S-shaped  ribs  (fig.  6), 
resembling  in  that  stage  the  ribs  of  Lytoeeras^ simony i,  Hau.,  with  which  species  my 
form  corresponds  in  many  characters.  At  irregular  intervals  the  shell  swells  into 
rounded  bumps,  largest  near  the  umbilical  margin.    The  siphonal  side  is  rounded, 

>  TraiiB.  Geol.  Soc,  Vol.  VI,  2nd  Ser.,  PI.  XXV.  fig.  7. 
«  Rhdn.  Schicht.  Sjat,  PI.  VII,  fig.  2. 
»  Trans.  Geol.  Soc.,  Vol.  VI,  2nd  Sor.,  H.  XXVI,  fig.  1. 
*  Trans.  Geol.  Soc,  Vol.  VI,  2nd  Ser.,  11.  XXVI,  fig.  7. 
0^19  =  serpent. 
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and  the  wrinkles  or  folds  run  across  it  and  join  with  those  of  the  other  side.  In 
a  larger  fragment  of  a  body-chamber,  which  I  refer  to  this  species  (fig.  1),  the 
back  is  smooth,  and  the  wrinkles  or  folds  show  only  near  the  umbilical  side. 

The  lobes  are  simple ;  the  projection  of  the  preceding  whorl  intersects  the 
second  lateral  lobe  near  the  outer  wall]of  the  second  lateral  saddle ;  the  siphonal 
lobe  is  much  wider  than  high,  with  a  moderately  high  siphonal  saddle,  separated 
by  the  siphon.  The  external  saddle  is  about  as  high  as  wide.  The  first  lateral 
lobe  is  yeiy  deep  and  narrow,  followed  by  a  high  first  lateral  saddle,  bent 
inwards.  The  second  lateral  lobe  is  narrow  and  reaches  only  half  as  low  as 
the  first  one.  The  second  lateral  saddle  resembles  in  shape  and  height  the  first 
one,  followed  by  a  lobe  of  about  the  same  depth  as  the  last  one,  situated  at  the 
umbilical  margin.  The  internal  sutures  are  veiy  simple.  A  deep  bipartite 
antisiphonal  lobe  is  accompanied  by  a  rounded  low  saddle  on  each  side.  The 
margins  of  all  the  saddles  are  entire  and  the  arches  of  the  lobes  very  finely 
serrated,  and  in  younger  specimens  and  the  inner  whorls  of  others,  often  entire. 
Some  fragments  of  young  individuals  resemble  in  general  shape  this  species, 
but  show  slight  deviations  in  the  lobe-line  (fig.  7). 

Both  in  general  shape  and  number,  and  arrangement  (though  not  shape)  of 
the  lobe-lines,  this  species  closely  resembles  the  Lytoceratite  genera  (Ifonop^yZ- 
lites  and  Phylloceras)  of  the  Muschelkalk  and  Hallstadt  respectively,  and  may 
be  said  to  be  an  earlier  stage  of  these  forms. 

The  earliest  appearance  of  a  form  belonging  to  the  chain  of  which  the 
above  species  is  only  a  link  may  be  said  to  be  Qoniaiites  hohemictMf  Barr.,  from 
the  Silurian,  and  can  be  traced  through  a  variety  of  allied  species  to  the  Devonian 
of  Nassau,  where  we  find  in  Ghniatites  asquabiliSf  Beyr.,  an  exact  likeness  of 
our  Himalayan  species.  Both  section  of  shell*,  general  characters  and  striation, 
agree  perfectly,  and  there  is  a  strong  resemblance  even  in  the  lobe-line.  The 
external  saddle  is  rudimentary,  as  is  also  the  second  lateral  saddle,  which  is 
moved  nearer  the  umCilical  margin.  But  there,  as  in  our  species,  we  find  a 
strongly  developed  and  large  first  lateral  lobe,  with  a  bend  towards  the  inner 
side,  closely  resembling  the  later  Himalayan  species.  We  have  here  connecting 
links  of  a  long  chain  of  forms  beginning  already  in  Silurian  times  and  reaching 
probably  high  up  in  the  cretaceous  series,  thus : 

Silarian :   Ooniatiiei  bohemicus,  Barr.,  etc.  etc. 


Devonian  :  Ooniatites  aquahilit,  Beyr. 


Lower  Trias  :  Ophicenu,  etc.  etc. 


MuschelkaUc :  Monophyllites, 


Hnllfttadt :  Phylloceras. 

etc.         etc. 
1  Sandberger'e  Rhein.  Verst.,  Taf.  VII,  fig.  10. 
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Ophicbrah  himalatanum,  nov.  sp.  Plate  III,  ^g.  8. 

Shell  rather  less  evolnte  than  in  the  last  described  species,  the  last  whorls 
rapidly  increasing  in  height,  and  in  that  resembling  more  the  Lytoceras  aimonyiy 
Mojs.,  even  than  the  last  species.  Bnt  both  the  scnlpture  of  the  shell  and  the  lobes 
differ  considerably  from  Ophiceras  ttbeticum.  There  are  a  number  of  nearly 
straight,  only  sightly  S-shaped,  ribs  running  across  the  sides  of  the  shell,  which 
near  the  commencement  of  the  body-chamber  (indicated  by  a  small  arrow  in  fig.  8) 
almost  disappear  and  change  into  irregular  fine  wrinkles  and  bumps  near  the 
umbilical  side.  What  remains  of  the  body-chamber  is  about  one-half  of  the 
entire  whorl.  The  siphonal  side  is  rounded,  the  umbilical  margin  sharply  defined, 
descending  straight  down  towards  the  shallow  and  wide  umbilicus.  The  lobes  are 
identical  with  those  of  the  following  species  (figured  in  fig.  9b). 

Ophicebas  medium,  nov.  sp.  Plate  III,  fig.  9. 

General  proportions  of  the  shell  the  same  as  those  of  the  last  described 
species,  but  the  shell  is  nearly  smooth  and  only  shows  slight  radiating  wrinkles, 
which  disappear  entirely  towards  the  siphonal  side  and  are  only  slightly  bent 
forward  in  that  region.  The  lobe-line,  fig.  9h,  resembles  more  that  (fig.  7)  which 
I  considered  as  a  younger  individual  of  tibeticum,  n.  s.  The  siphonal  lobe  ends 
in  two  sharp  points  on  each  side  of  the  divided  siphonal  saddle ;  the  external 
saddle  is  a  simple  arch,  rather  wider  than  high,  followed  by  a  narrower,  very  finely 
serrated  (at  the  base)  first  lateral  lobe.  The  first  lateral  saddle  is  wider  than 
high  and  bent  towards  the  umbilical  side.  The  second  lateral  lobe  does  not 
reach  so  far  down  as  the  first,  is  narrower,  but  also  very  finely  serrated  at  the 
base*  The  second  lateral  saddle  is  low  and  broad,  and  reaches  over  the  umbilical 
margin^  on  the  antisiphonal  side  I  noticed  a  deep  and  bipartite  antisiphonal 
lobe  with  a  rounded  saddle  on  each  side  connected  with  the  second  lateral  saddle 
by  a  finely  serrated  lobe-line,  representing  one  or  more  auxiliary  lobes. 

MoNOPHTLLiTBS  WBTSONi,  0pp.,  Pal.  Mitth.  Plate  LXXXVI,  fig.  2. 

Agrees  weU  with  Oppel's  figure,  both  in  outward  appearance  and  course  of 
lobe-line.  It  was  found  only  in  fragments,  but  is  very  common  in  the  upper 
beds  of  the  lowest  Trias  group — ^the  Gampiler  beds  of  the  Alps. 

Tbachtcbras  (?)  QiBBOSUM,  nov.  sp.  Plate  III,  fig.  10. 

With  the  above  forms  occurs  an  Ammonite,  which  in  outline  resembles 
somewhat  Trachyeeras  (Amm.)  semipartitum,  Von  BuchS  but  the  latter  is 
involute  in  a  higher  degree  than  my  species,  and  consequently  developes  several 
auxiliary  lobes  which  are  wanting  in  our  species.  I  have  at  present  referred 
this  form  to  Trachyceras,  but  it  is  very  probable  that  it  represents  a  connecting 
link  between  OphtceraSj  n.  g.,  and  XenodUcus,  Waag.,  as  exemplified  in  X  gan^ 
gdicus,  DeKon.,  and  Bwhiamis,  DeEon.,  which  I  venture  to  include  in 
Waagen's  new  genus. 

1  tiber  Ceratitcs  Akad.  Wisf.,  Berlin,  1849,  PI.  III. 
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T.  gibbosum  is  moderately  mydlute,  leaving  a  wide  and  shallow  umbilicus ; 
the  shell  is  thickest,  near  the  middle  of  the  sides,  in  the  region  of  the  "  bumps," 
which  occupy  exactly  the  centre*line  of  the  sides,  and  are  about  six  in  number 
in  the  last  whorl.  The  inner  whorls  are  quite  smooth,  and  on  the  sur&u^e  of 
the  shell  itself  neither  ribs  nor  strise  are  visible.  The  section  of  the  mouth 
is  oval,  widest  about  halfway  up  the  sides.  The  siphonal  side  is  perfectly 
rounded.  The  body-chamber,  as  far  as  it  is  preserved,  amounts  to  about  half  a 
whorl  (the  arrow  indicates  the  commencement  of  it,  fig.  10). 

The  lobes  are  very  simple  and  resemble  those  of  Ophiceras  medittmy  n.  sp.> 
and  partly  also  those  of  Track,  semi^artituniy  v.  Buch.  Besides  the  low  siphonal 
lobe  there  are  one  external  and  two  lateral  lobes  with  one  auxiliary  lobe,  which 
is  situated  near  the  umbilical  margin.  The  antisiphonal  lobe  is  deep  and  ends 
in  two  minute  points  (fig.  106). 

Tribe :    AEGOCERATIDiE,  Waag. 

Genus:  XENODISCUS,  Waag. 

Xenodiscus  demissus,  0pp. 

1862.  Ammonitei  demwus,  0pp. :  Pal.  Mitlh.,  Taf.  86>  fig.  1. 

1872.  CeraiiUt  earbonarim,  Waag. :  Mem.  Qeol.  Snrv.,  India,  Vol.  IX,  PI.  I,  figs.  2  &  3. 

1879.  Xenodiicus  earbomarma,  Waag. :  Ffedeont.  Ind.,  Ser.  XIII,  PI.  II,  figs.  2  to  5. 

With  the  species  above  described  and  in  the  same  bed  (2)  with  Postdonomya 
angiistaf  Hau.,  and  other  Werfen  bed  fossils,  occur  numerous  specimens  belonging 
to  a  chain  of  forms  which  might  be  roughly  described  as  beginning  with  the 
flat  and  characteristic  Xenodiecus  demissus,  0pp.,  and  ending  with  Xenodiscus  (?) 
biichianus,  DeKon. 

I  have  nothing  to  add  to  the  description  of  the  above-named  species  after 
the  excellent  exposition  given  by  Waagen  in  the  PalsBontologia  Indica,  but  may 
add,  that  there  can  be  no  doubt  that  Oppel's  figure  agrees  with  Waagen's  species, 
as  it  does  with  my  specimens.  The  species  is  so  conmion  in  bed  2,  that 
necessarily  there  is  a  great  variety  of  forms,  all,  however,  agreeing  in  the 
principal  characters.  They  show  greatest  variation  in  the  ribs  or  wrinkles  of 
the  shell,  to  which  I  may  add  that  the  shell  itself  is  rather  thick,  especially  so 
half-way  up  the  flattened  sides,  and  is  covered  by  wrinkly  lines  of  growth,  which 
at  intervals  develope  into  ribs. 

It  is  possible  to  arrange  from  amongst  them  a  complete  chain,  passing  from 
the  evolute  specimens  (representing  Oppel  and  Waagen's  species)  up  to  consider- 
ably involute  varieties,  and  in  that  stage  closely  resembling  the  two  species  of 
DeKoninck's  Qoniatites  gangeticns  and  Oer,  bvchianus. 

Though  Dr.  Waagen  does  not  say  so  in  his  description  of  the  new  genus, 
I  presume  that  Xenodiscns  is  really  the  early  stage  of  development  of  Aegoceras, 
Waag.,  and  stands  in  the  same  relation  to  the  latter  genus  as  docs  Otoceras  and 
OphiceraSy  respectively,  to  Pinacoceras  and  Lyioceras, 
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EXPLANATION  OF  PLATES. 

PLATE  I. 

Figs.  1  to  3.  NAUTiLrs  bbahmavicitb,  n.  s. 

Fig.  4.  Otocbbab  woodwabdi,  n.  s. 

Fig.  6.  „  var.  vin>ATirK^  n.  B. 

PLATE   U. 
Figs.  1  to  6.  Otocbbab  woodwabdi,  n.  s. 

PLATE  III. 

Figs.  1  to  7.  Ophicbbab  tibeticuh,  n.  s. 
Fig.  8.  „  niMALAYANinf,  n.  s. 

Fig.  9.  M  HBDiirii,  n.  s. 

Fig.        10.  Tbaohtcbbab  oibbobuk,  n.  s. 

PLATE  IV. 

Profile  of  Trias  and  Rhadtic  beds  of  ShaJ-Shal  in  the  Tibetan  Himalayas, 
xii^ 'elevation  of  the  base  of  tbe  cliff  (carboniferous  .qnartzite)  is  abont  14,000 
feet  above  the  sea. 


On  the  Artesian  Wells  at  Pokdichbrrt,  and  the  possibility  op  finding  such 
SOURCES  OF  WATER-SUPPLY  AT  MADRAS,  by  WiLLiAM  KiNO,  B.A.,  Deputy  Super- 
intendenty  Oeologicdl  Survey  of  India, 

Some  three  years  ago  it  was  announced  that  operations  had  been  commenced 

„.  ,  , ^  at  Pondicherry  with  a  view  to   the  discovery  of  arte. 

History  and  progreBS.  -^  x      v        xi. 

sian  wells, — a  doubtful  enough  experiment  when  the 

position  of  that  city  on  a  wide  alluvial  flat  bordering  the  sea  is  taken  into  ac- 
count, and  that  few  of  the  ordinary  physical  or  stratigraphical  features,  usually 
considered  as  giving  promise  of  such  outflows  of  water,  are  apparent  at  first 
sight.  Such  features  do,  however,  occur  partially ;  and  their  possible  existence 
became  gradually  so  impressed  on  the  mind  of  Mr.  Oh.  Poulain,  the  manager  of 
the  Savana  and  Oopallem  cotton  mills,  that  he  urged  on  the  proprietors  the  advis- 
ability of  making  experiments,  and  ultimately  carried  out  a  boring  with  such  suc- 
cess that  water  is  now  issuing  from  the  tube  with  a  hydrostatic  level  of  nearly 
three  feet  over  the  surface  soil  and  a  discharge  of  44  imperial  gallons  in  the 
minute. 

Mr.  Poulain,  from  time  to  time,  during  the  progress  of  this  first  well,  read 
a  series  of  papers  before  the  Government  Commission  on  artesian  wells,  in 
which  he  gave  his  reasons  on  geological  and  physico-geographical  groxmds  for 
expecting  that  water-bearing  strata,  or  sheets  of  water  with  a  head,  might  be 
tapped  under  the  Pondicherry  plain,  at  the  same  time  giving  short  notes  of  the 
progress  of  his  work.>  The  data  so  recorded  and  other  information  obtained  per- 
sonally from  this  gentleman  have  been  largely  included  in  the  present  paper. 

*  See  Appendix  2. 
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I  am  also  much  indebted  to  Mr.  Carriol,  Chief  Engineer  of  Pondicherry,  for 
his  gnidance,  and  for  placing  of  all  available  information  and  assistance  at  my 
disposal  in  this  enquiry. 

The  original  well  at  the  Savana  filature  was  commenced  on  the  1st  Febru- 
ary 1877,  and  the  boring  (after  several  accidents  and  a  removal  to  a  short  dis- 
tance) having  been  put  down  to  a  depth  of  about  174  feet,  the  present  rising  sheet 
of  water  began  to  flow  and  obtained  a  height  of  nearly  a  foot  over  the  soil  and  a 
discharge  of  nearly  20  gallons  per  minute  on  the  10th  September  in  the  same 
year.  The  flow  increased  to  more  than  double  this  amount,  and  it  has  now 
been  going  on  steadily  for  more  than  two  years. 

In  the  succeeding  year  a  second  boring  was  started  at  the  Oopallem  mills, 
and  in  the  remarkably  short  period  of  thirty-seven  days,  and  at  the  moderate 
expenditure  of  Bs.  1,500  (not  accounting  for  apparatus  and  repairs),  a  water- 
bearing stratum  was  tapped  at  about  115  feet  which  is  now  discharging  99'5 
gallons  a  minute  at  a  height  of  nearly  one  foot  over  the  surface,  and  has  con- 
tinued so  since  the  11th  October  1878. 

The  French  Qovemment  being  now  convinced  of  the  occurrence  of  water- 
sheets  with  a  'head,'  determined  on  developing  this  unforeseen  source  ^'; 
supply.  A  site  was  selected  in  the  Jardin  d' Acclimatation ;  and  under  the  ad- 
ministration of  Mr.  Carriol,  the  Chief  Engineer,  a  third  boring  was  carried  out 
with  great  success,  a  sheet  of  water  being  struck  at  261  feet  which  has  had 
a  discharge  of  146*52  gallons  a  minute,  at  4*85  feet  over  the  level  of  the  soil,  since 
the  20th  March  1879.  This  boring  was  carried  out  with  great  care,  details 
and  specimens  of  the  strata  passed  through  having  been  preserved. 

It  is  difficult  to  give  an  idea  of  the  very  charming  and  inspiriting  effect  of 
this  fountain  so  opened  up  in  these  gardens,  though  for  a  so-called  fountain  the 
height  of  the  jet  is  very  insignificant.  The  large  basin  is  raised  well  over  the 
level  of  the  gardens  for  the  necessary  distribution  of  the  water,  while  a  large  rose 
is  placed  over  the  orifice  of  the  tube,  so  that  the  water  only  wells  up  rather 
violently  and  falls  in  a  bubbling  mass  about  a  foot  over  the  surface  of  the  sheet  in 
the  basin.  The  mere  g^h  of  clear  and  brilliant  water  in  a  country  where  one  so 
seldom  sees  water  in  such  joyous  motion,  rising  as  it  does  from  an  unknown 
source,  makes  this  fountain  a  most  fascinating  and  beautiful  feature,  and  soon 
tends  to  lead  one  into  an  enthusiastic  belief  in  the  existence  of  similar  sources, 
and  the  possibility  of  opening  them  up,  in  almost  any  moderately  extensive  alluvi- 
al flat  on  the  coast  or  even  far  inland.  The  Savana  well  is  ill-placed,  among  the 
mill  buil^iings  in  the  deep  shadow  of  its  service  well  or  basin,  and  its  discharge  is 
not  so  great ;  but  the  Oopallem  well  makes  a  brilliant  oasis  of  its  grass-grown 
mound  in  the  otherwise  rather  sombre  factory  compound. 

The  supply  of  water  from  this  well  being  sufficient  for  the  gardens,  a  second 
boring  was  started  under  the  same  auspices  and  able  administratioui  on  about  the 
most  elevated  ground  in  Pondicherry,  in  the  Yille  Noire,  with  the  laudable 
object  of  distributing  water  over  the  native  quarter.  Here  the  works  are  on  the 
same  exJ^ensive  scale,  and  much  larger  piping  is  used.  Not,  however,  until  a 
depth  of  550  feet  has  rising  water  been  met  with ;  and  this  only  comes  within  35 
inches  of  the  surface,  with  a  discharge  of  about  20  gallons  a  minute.    This  result 
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is  very  poor,  but  it  is  hopeful,  nevertheless,  the  other  wells  having  also  shown 
similar  sheets  with  such  a  low  hydrostatic  level. 

A  fifth  well  has  also  been  started  by  Mr.  Comet,  one  of  the  proprietors  of  the 
filatures,  in  his  own  compound  within  the  city  and  much  nearer  to  the  sea  shore* 
My  latest  information  on  this  boring  is  that  a  stratum  of  rising  water  had  been 
struck  at  200  feet.  The  water  is  not  yet  very  abundant,  and  it  is  only  of  middling 
quality. 

Some  trials  have  also  been  recently  made  elsewhere  in  this  part  of  India* 
which  it  is  just  necessary  to  notice  here.  Mr.  A.  de  Closets,  C.E.,  of  Madras, 
reports  as  follows  : — *'  A  trial  well  I  ^had  bored  in  Madras  at  the  then  Napier 
Iron  Works  through  strata  of  blue  clay  and  sands  alternately,  reached  at  30  yards 
an  ascending  water  sheet  of  brackish  water,  above  a  stratum  of  a  greenish  kind 
of  sandstone."  This  well  was,  I  believe,  abandoned  on  financial  grounds.  Again, 
in  another  boring  now  under  operation  in  Madura,  Mr.  de  Closets  has  been  pierc- 
ing alluvial  strata  with  the  hope  of  meeting  a  water  sheet,  but  as  yet  without 
success.^ 

On  the  completion  of  the  boring  in  the  Jardind'Acclimatation,  the  subject  was 
brought  to  the  notice  of  the  Madras  Government  through  an  extract'  from  the  Ifo^t- 
teur  Ojfficiel  of  the  French  Settlements  in  India,  and  an  enquiry  was  then  instituted 
as  to  the  expediency  of  sinking  such  wells,  and  as  to  whether  any  suitable  local- 
ities for  artesian  well-sinking  were  known  in  the  Presidency.  At  this  time  I  had 
only  the  data  supplied  in  Mr.  Carriol's  report,  and  had  not  seen  Pondicherry  or 
its  neighbourhood  for  nearly  22  years,  so  could  only  suggest  the  possibility  of 
such  wells  being  found  in  similarly  placed  alluvial  flats,  while  I  hazarded  the 
speculation  that  the  gush  of  the  water  might  be  due  to  the  pressure  of  superin- 
cumbent alluvial  strata.  The  interest  attached  to  these  wells  is,  however,  so 
g^eat  that  a  personal  inspection  of  them  became  necessary,  and  I  was  enabled  to 
visit  Pondicherry  in  December  last,  when  the  materials  for  this  paper  were 
collected. 

The  Sayana  Boring. 

Mr.  Poulain,  though  much  interested   in  the   strata   passed  through  in   this 
No  very  detailed  observ-      working  and  that  at  Oopallem,  has  unfortunately  not 
ations  extant  given  very   detailed  accounts  of  them  in  his  papers, 

neither  did  he  preserve  an  orderly  series  of  specimens  of  the  rocks.  Indeed, 
his  paramount  interest  and  object  were  rather  to  get  at  the  hoped-for  rising  sheets 
of  water,  one  of  which  should  be  of  a  sufficient  quantity  and  of  a  suitable 
quality  for  the  mills  which  had  hitherto  been  supplied  with  well-water  given 
to  depositing  a  coating  in  the  boilers.  The  following  tabular  section  (Table  1) 
has,  however,  been  constructed  from  the  papers  he  read  before  the  Commission  ; 
it  is  arranged  after  the  model  of  those  kept  at  the  Government  borings,  so  as  to 
give  the  details  at  a  glance,  and  facilitate  any  correlation  which  may  be  made 
between  the  other  borings. 

*  III  Northern  Iiulia  borings  for  water  have  been  made  to  481  feet  (Calcuttn),  and  to  701  feci 
(UnihaHa),  withont  success.     £ke  Manual  of  the  (Jleology  of  ludia,  p.  897. 
'  See  Ap)>endix  1. 
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The  water 


The  water  here  is  very  limpid  with   a  faint  bluish-green  tinge;    a  veiy 

slight  snlphnrons  odonr  is  given  off.  It  is  reported  as 
good  to  the  taste,  savoring  an  apparent  metallic  flavonr ; 
nitrate  of  silver  gives  a  faint  opaline  clond,  and  tannin  produces  no  change  of 
color.  No  deposit  is  formed  on  the  boilers  at  the  filature.  The  temperature 
at  the  orifice  is  33*  C.  or  91*4^  F.  Clots  and  fluffy  masses  of  rusty-green  vege- 
table matter  soon  gather  on  the  surface  of  the  water  in  the  service  well  or 
receiving  basin. 

The  well  is  situated  at  about  1,880  yards  from  the  seashore,  and   about  250 

yards  from  the  right  bank  of  the  Edoupar,  a  small  tribn- 

^'  tary  of  the  northern  arm  of  the  Ariankrfp  or  Gingee  rirer. 

a  short  distance  outside  and  to  the  south-west  of  Pondicherry.     The  nearest 

high  gpround  of  older  rocks  than  the  alluvial  deposits  is  the  low  Red  Hills  plateau 

which  commences  to*rise  from  the  plain  at  about  2  miles  to  the  north-west.^ 

The  tube  has  an  internal  diameter  of  5*57  inches,  and  a  total  length  of  17279 

feet,    being    made  up  of  rivetted  segments  of  8*20  to 
914  feet  long. 

Table  I. — The  Savana  Boring. 


Tabing. 


I      I 

V  3 

5:  o 
80- 

c  e'a 

fc — 


4 


6 

7 
8 


EM 

•25 


BSDS. 


A 


/ 


B   / 


} 


Surface  soil,  say  aboat 

Coarse  sand,  with  some  ronndod  pebbles, 
quartz,  and  sub-angular  particles  of  (?) 
basalt. 

Coarse  sand,  such  as  is  employed  in  the 
making  of  lime. 

Black  clay  with  the  same  sand  and 
pebbles  mixed  in  it. 

Black  clay  more  compact,  scarcely  any 
sand,  pearly  spangles,  fragments  c^ 
shells. 

Qnartcose  sand,  stained  with  black  clay, 
about 

Pure  black  clay,  very  plastic 

Black  clay,  containing  a  little  sand 

Pure  black  clay,  and  clay  mixed  with  fine 
and  coarse  sand. 


3*00 
1-00 


Si 

o  ^ 

4» 


B  lltABIS. 


8*40 
0-40 
2*48 

0-38 

6-84 
0-68 
2-42 


800 


400 


7-40 


7*80 


1028 


Ist  February  1877. 


10*66 

1600 
16*58 
1900 


As  this  clay  was  pierced, 
all  the  water  disappesr- 
ed  from  the  tube. 


At  10*28,  Ist  rise. 

At  16*00,  an  accident. 
At  16*58, 2nd  rise. 


>  The  height  of  the  surface  at  the  well  over  mean  sea-level  is  9  feet.     Before  ^^^^^^^^^ 
water  level  in  the  ordinary  wells  was  11*48  feet;  but  now  it  has  risen  to  8*85  feet.      This  *°^    ^ 
has  taken  place  since  the  surplus  water  of  the  artesian  well  has  been  alloweil  to  flow  into  the 
situated  in  the  north  part  of  the  premises. 
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Table  T. — The  Savana  Boring — contd. 


1« 


9 


10 
11 

12 

13 

14 


15 


16 
17 


h 


18 
19 


20 


/ 


D 
E 

P 

O 


H 


Bbds. 


I 


\ 


Coftne  quartzoee  sand,  brilliant  and  dull 
grains,  white  to  yellowish-red,  lower 
down  mica  spangles.     - 

Black  clay 

Grey  sand  of  extreme  fineness,  fluid  and 
even  viscoos. 

Black  clay,  plastic,  compact,  with  some 
rare  black  and  schistose  pebbles. 

Silicions  sand,  coarse-grained  stained 
with  a  little  clay. 

Impermeable  bed  of  clay,  less  black  than 
the  previons  ones  :  containing  some 
grains  of  calcareous  concretions  (I  to 
6  millimeters  cube)  and  others  a  little 
larger.  Sometimes  a  little  sand,  mixed 
or  in  thin  seams. 

Same  clay,  with  rounded  pebbles,  size  of 
peas,  others  a  little  larger,  black  and 
white. 

Coarse  sand,  with  pebbles  of  quarts     ... 

Coarse  sand,  pebbles  rarer,  mixed  with 
fine  grey  fluid  sand  like  that  at  33 
meters.  Lower  in  the  bed  pebbles  still 
more  rare,  grains  of  sand  very  large 
(2-8  mm.  cube)  of  hyaline  quartz,  small 
debris  of  kaolin. 

Coarse  sand,  smaller  grains  and  rolled 
pebbles. 

River  sand  a  little  mixed  with  fine  sand 
like  sea-sand,  still  some  fragments  of 
white  clay;  then  the  sands  aJtemately 
fine  and  coarse.  (Here  were  noticed 
some  particles  of  blackish  calcined  clay 
and  some  fragments  resembling  country 
brick,  but  Mr.  Poulain  hesitated  at 
such  recognition  until  some  small 
sherds  of  pottery  appeared ;  even  then 
he  admits  that  these  may  have  fallen 
from  above). 

Coarse  sand  containing  pellets  of  black 
clay  as  large  ns  peas ;  sand  fine  and 
coarse-grained,  the  two  sands  being 
sometimes  mixed,  soiled  with  a  little 
black  slushy  clay. 


8^ 

■S.a 


8*00 


600 
100 

2*00 

100 

800 


100 


0-50 
0-50 


100 
200 


1-00 


55 
►  B 

«> 


^ 


2700 


RSICABKS. 


33*00 
3400 

36-00 

87  00 

4600 


At  22  00,  Istgush. 


At  33,  2nd  gush. 


Water  lowers  as    boring 
proceeds. 


4t  d6'60,  a  rise. 


4600 

46-50 
4700 


4800 


50  00 


51-00 


At  46,  3rd  gush,    but  a 
fall  below  soil. 


At  46*50,  water  stops  at  30 
centimeters    above  soil. 


At  49-90,  water  stays  at 
50  centimeters,  when  nil 
at  once  there  is  a  4th 
gush*  Eventually  water 
lowers  rapidly. 
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Table  I, — The  Savana  Boring — concld. 


•^0 

o«® 
9 
m  ** 

is 

Arbitrary    groop- 
ing  of  Mr.  King. 

Brim. 

Thickness  of  beds 
in  meters. 

it 

li 

RSMASKS. 

21 

( 

Debris  of  friable  "  pwmimite"^*  (?  ferru- 
ginous grit)  tainted  with  some  yellow 
ochreons  clay,  mixed  with  sand,  rolled 
pebbles,  and  some  lumps  of  hard  greyish- 
white  limestone. 

1-68 

52-68 

At  52-68,  5th   ftush,  10th 
September  1877. 

22  1 

1 

Coarse-grained  blackish  sand,  then  some 
debris   of  ferruginous   grit  of  a  deep 
brown  colour,  less  friable  than  the  pre- 
ceding, mixed   in  the  mass  of  coarse- 

1 

1 

• 

\ 

grained  white  sand  slightly  soiled  with 
yellow  ochreous  day. 

In  this  table,  the  strata,  their  separate  thicknesses,  the  progressive  depths,  the 

remarks,  &c.,  are  collated  from  Mr.  Poulain's  papers  already 
of  the'b^™'^^  grouping      ^ferred  to.     I  have  myself  taken  the  liberty  of  making 

a  tentative  grouping  of  the  strata  into  series  of  permeable 
and  impermeable  beds,  or  an  arenaceous  and  argillaceous  grouping,  thus : — 


GlOUPS  OV  BIDS. 


Feet 


Surface  soil 
A. — Coarse  sands 
B. — Black  clays 
C. — Coarse  sands 
D. — Black  clays 
E. — Grey  sands 
P. — Black  clays 
G. — Sands 
H.— Clays 

I. — Gravelly  and  pebbly  beds 
J. — Sands  with  debris  of  f  urruginous  grits 


9*84 
14-43 


8804 


26-24 


29-52 
16*40 


6*51 


Feet. 


9-84 
24-27 
62-81 
88-55 


19-68 

108-23 

8-28 

111-61 

6*56 

118-07 

3-28 

121*35 

150-87 
167-27 
172-78 


The  arenaceous  beds  "were  always  loose  and  incoherent,  never  consolidated; 

...   ..    .  1  X    X  *li®  strata  passed  through  are  then  clearly  alluvial  and 

recent.  The  tertiary  red  sandstones,  or  "  Cnddalore 
sandstone"  of  the  Survey  nomenclature,  cropping  up  in  the  low  hills  to  the 
north-west,  have  not  been   touched  by  the  boring  rod,much  less  the  cretaceous 
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strata  hading  np  still  farther  to  the  west  on  the  shores  of  the  great  Oassandan 
tank  west  of  Pondicherry. 

The  permeability  or  otherwise  of  the  beds  is  very  clear  in  this  boring :  no 

sooner  is  fair  clay  reached   and   pierced  than   the   tube 
water  Bheetir^"^  °       ^      (filled   with  water    from   the  sand   above)    is  gradually 

emptied,  until  sand  is  again  reached,  when  water  again 

appears.^     A  sheet  of  water,  or  a  seam  charged  with  water,  was,  however,  struck 

at  54'38  feet,  which  rose  in  the  tube  and  ran  over  at  3'28 

Above  first  imporme-      *    x   -l  i         xi.  _e  j»  xi  n      x.m     t_  i       i 

able  seam.  ^®®*'  below  the  surface  of  the  soil,  still  above  sea  level 

and  also  above  the  level  in  the  surrounding  wells ;  so  that 

here  was  water  clearly  under  pressure  of  some  kind.     The  seam  of  sand  and  clay 

being,  however,  very  thin,  the  boring  was  pushed  on  through  the  succeeding  clay, 

until   at  62 '32   feet  a  second  sheet   was   found  to  rise 

gj„g^  11  inches  over  the  soil,  and  after  a  short  time  to  17*5 

inches.     However,  as  the  boring  progressed,  the  water 

fell  again  3*28  feet  below  level  of  soil,  and  then  an  accident  occurred  to  the 

tubing  which  necessitated  the  starting  of  a  new  boring  at  2  feet  to  one  side.     In 

the  new  hole  similar  strata  were  passed  through,  and  at  72*16  feet,  water  at  last 

rose  to  16*60  inches  above  the  soil. 

The  curious  feature  in  the  progress  of  these  two  borings  only  2  feet  apart, 
— ^that  in  about  26  feet  of  coarse  sand  without  any  clay  the  water  first  rose 
over  the  soil,  then  gradually  fell  to  nearly  8  feet  below  the  surface,  and 
finally  rose  again  to  nearly  1*5  feet  over  the  surface, — is  attributed  by  Mr. 
Poulain  to  faultiness  in  his  first  tube,  which  he  thinks  was  not  quite  staunch  at 
the  ri vetted  joinings.' 

A  third    seam  of  permeable  material  (E)wa8  again  met  at  108*23  feet  of 
In  tbe  2nd    band  of      about  3*5  in  thickness,  which  gave  a  discharge  of  water 
clays-  at  35  inches  above  the  soil,  but  the  boring  was  continued 

in  the  hope  of  obtaining  a  better  flow. 

At  118  feet,  a  3-feet  seam  of  sandy  material  only  allowed  of  water  rising 
to  within  a  little  more  than  2  feet  of  the  surface.  It  is  not  clear  whether 
sufficient  time  was  allowed  here  for  the  water  to  rise  higher,  as  it  ought  to  have 
done,  even  though  retarded  through  a  more  compact  condition  of  the  sand. 

After  this  came  29  feet  of  impermeable  clays  (H),  from  below  which  water  rose 
Below  tbe  2nd  band  of      ^  ^  feet  above  the  soil  and  then  fell  to  27*30  inches  below 
clays.  that  level. 

The  auger  now  passed  through  a  more  varied  set  of  generally  arenaceous  beds, 
without  any  definite  seams  of  clay  or  other  impermeable  material,  yet  the  water 
rises  and  falls  in  a  remarkable  manner,  though  ultimately,  at  the  bottom  of  this 
series,  the  point  is  reached  from  which  the  present  fine  flow  of  the  Savana  well 
rises.  There  are  altogether  some  25*35  feet  of  these  sandy  beds.  After  entering 
on  this  series,  the  water  mounted  slowly  and  stopped  at  11*70  inches  over  the 
soil :  afterwards  it  rose  as  high  as  19*5  inches  when  (as  graphically  expresed  by  Mr. 

'  Tbe  fact  woold  require  tbat  some  permeable  beds  are  quite  cut  off  from  tbe  artesian  (or  any 
otber)  source,  and  are  still  unsaturated,  if  the  woi-d  '  emptiec'  is  to  be  taken  literally. 

'  Tbe  explanation  would  suggest  tbat  tbe  phenomenon  onlv  occurred  in  the  first  boring. 
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Poulain)  all  at  once,  at  a  stroke  of  the  borer,  the  water  rose  rapidly  and  flowed 
out  over  the  mouth  of  the  tube  at  nearly  3-28  feet  above  the  soil.  It  then 
fell  and  rose  in  the  tube,  ceased  to  flow,  and  finally  lowered  rapidly,  at  a  depth 
of  163*57  feet.  The  auger  still  continued  through  what  are  to  tJl  appearance 
permeable  beds,  though  no  further  rise  took  place  until  at  nearly  178  feet,  when 
there  was  a  powerful  discharge  of  sand.  This  having  been  gradually  reduced,  the 
water  rose  to  a  height  of  1170  inches  over  the  soil  with  a  discharge  of  19-81 
gallons  a  minute. 

I  do  not  think  we  can  here,   below  the  second  band  of  clay,  consider  [that 
DoeB    not  imply  that      ^^^  *^^  ^ne  water  sheet  hps  been   tapped.     The  odd 
there  are  more  than  one      behaviour  of  the  water   in  its   oscillations  beine  in   ereat 
sheet  below  last  Beam.  ^^„„„^„ix  -u  a  ui    x  -1.1      t.   i  •  *  ?         ^ 

measure  attributable  to  a  possible  choking  up  of  the  material 

round  the  bottom  of  the  tube  as  it  was  forced  down  among  varied  sands,  in  which 
are  at  times  seams  of  clay-galls  and  other  fragments  of  clayey  material :  while  in 
the  new  movements  superinduced  among  the  water  channels  or  passages  by  this 
suddenly  opened-up  vent,  it  is  quite  possible  that  there  may  have  been  frequent 
blocks.  The  height  of  the  jet  was,  however,  poor  as  compared  with  what  had  been 
attained  in  the  earlier  stages  of  the  boring,  and  this  and  the  discharge  were  only 
attained  after  some  days.  The  discharge  when  I  saw  the  well  in  December  last  was 
about  44  gallons  a  minute,  with  a  hydrostatic  level  of  about  one  foot  over  soil. 
For  the  .beds  exhibited  by  this  boring :  it  is  to  be  noted  that  there  are  tivo 
Two  well  defined  seams  well-defined  and  thick  seams  of  clay  which  act  perfectly 
or  bands  of  clay.  ^8  impermeable  bands,  from  under  which  water  rises  over 

the  level  of  the  soil.     The  lower  clay  seam  is,  however,  separable  into  three  divi- 
sions by  two  thin  seams  of  sand,  from  each  of  which  there  was  a  gush  of  water. 

The  Oopallbm  Well. 
This  is  situated  within  the  compound  or  yard  of  the  Oopallem  filature  on  the 
Pondicherry-CuddaJore  high  road,  and  in  the  depression  of  the  same  small  stream 
Position  passing  to  the  south-west  of  Pondicherry.   It  is  within 

820  yards  of  the  sea  shore,  but  about  650  yards  to  the 
south  of  the  parallel  of  the  Savana  well,  and  about  100  yards  from  the  left 
bank  of  the  Edoupar  stream. 

The  present  discharge  is  99*5   gallons  a  minute  at  a  hydrostatic  level  of 
The  tubing   and  dis-     ^'28  feet.     The  tube  haa  an  internal  diameter  of  7*08 
charge  of  water.  inches,  and  is  119  feet  long. 

The  water  is  very  similar  in  character  to  that  of  the  Savana  well ;  if  any- 

thing  it  appeared  to  me  to  be  more  sparkling  and  to  have 
rather  a  bluer  tinge.  The  sulphurous  odour  is  stronger. 
The  same  vegetable  matter  forms  and  floats  off  on  the  surface,  perhaps  rather 
more  quickly  and  in  better  growth  owing  to  the  free  exposure  to  air  and  light ; 
the  bed  of  the  channel  leading  away  fi*om  the  basin  is  coated  with  a  some- 
what similar  growth,  and  this  again  is  covered  by  a  very  thin  brown  ferruginous 
Bcum.  The  water  was  distinctly  tepid  to  the  touch  in  the  cool  weather  of 
December,  and  is  of  about  the  same  temperature  as  that  of  the  Savana;  it  is  dnmk 
freely  by  the  natives. 
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It  is  to   be  noted   that  the   discharge  is   much   over   that  of   the   Savana 

^^    A'   y.^.^  *!,««     iet.     But  this  appears  to  be  in  proportion  with  the  capa- 

in  the  Savana  well.  cities   of   the   tubes,    quahfied  by  the  different  depths  and 

the    more  compressed   strata  in  the  deeper  boring.     The  discharge  powers  of 

the  two  tubes  are  as  44  to  31 :  the  actual  discharges  being  as  99-6  to  44. 

The  following  table  of  the  strata  passed  through  in  this  boring  haa  been  sent 
to  me  by  Mr.  Poulain : — 

Table  2- — The  Oopalem  Boring. 


•So 

U 

r 

Bids. 

Thickness  of  beds 
in  meters. 

• 

JM 

RlMASSS. 

1 

•  •  • 

Vegetable  moald 

•r« 

060 

0-60 

2\ 

Jt 

Fine  sand  with  clay 

■  •« 

2-35 

2-96 

3^ 

A  < 

Coane  sand  with  pebbles,  and  some  clay 
near  the  bottom. 

1618 

1813 

Rising  sheet  to  1  meter 
below  surface. 

^J 

( 

Pebbles  with  sand,  and  some  clay 

* . « 

OGO 

18-73 

5 

B 

Dark  clay  with  fine  sand    ... 

.  • . 

2-50 

21-23 

6 

C 

Dark  and  hard  clay 

•  •• 

14-47 

35-70 

Qoshing  water  sheet. 

7 

D 

Fine  sand  and  pebbles 

•  •  a 

• .« 

... 

The  wat«r.level  in  the  ordinary  wells  is  between  656  and, 967  feet  below 
surface  soil,  which  is  6  feet  above  mean  sea-level. 

An  arbitrary  grouping  of  the  beds  may  be  put  as  follows :— 


Gboupb  ow  bbds. 


A.- 
B.- 


Sarface  soil 

-Sands  and  pebbly  beds  with  clay 
-Dark  clay  with  fine  sand 
■Dark  and  hard  clays    . 


The  Boring  at  the   Jardin  d*  Acclimatation. 

The  next  well   in   order  of  date  is  that  in  the   Jardin  d»  Acdimatation, 

situated  between   Savana  and  Oopallem,  immediately  on 
Position.  the  south-west  edge  of  the  town,   at  about  1,450  yards 

from    the    seashore,   160  yards   south  of  the  parallel  of  the  Savana  well,  and 
170  yards  from  the   left  bank  of  the  Edoupar. 
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The  boring  "was  commenced  on  the  30th  October  1878,  and  the  present 
The  water  and  its  dis-  water-bearing  8tratnm  was  reached  on  the  13th  Febmary 
charge.  1879,  since  which  time,  with  the  exception  of  a  few  days 

of  gradnal  rise,  the  flow  has  continued  at  the  same  height  and  rate  of  discharge. 
The  water  has  a  temperature  of  3430  C.  or  93' 74  F. ;  it  is  very  clear,  with 
a  faint  bluish-green  tinge,  and  has  a  slight  chalybeate  taste.  A  strong  sul- 
phurous odour  is  given  off ;  and  the  usual  vegetable  scum  is  formed  on  the 
surface  and  floats  awaj.  It  is  drunk  freely  by  the  natives,  and  it  boils  ve- 
getables perfectly. 

The  following  tabular  section  (3)    is  compiled   from    one  supplied  to  me  by 

Mr.  Carriol  and  from  another  table  cdven  in  the  Proceed- 

isonng  B6C  ion.  ^^^   ^^   ^^  Madras  Government,  Revenue  Department.^ 

In  this  table  also,  I  have  attempted  a  grouping  of  the  beds  according  to 
their  sandy  and  clayey   constitution  :— 

Table  3. — Tke  Boring  in  the  Jardin  d^ Acclimatation, 


o5J5 
5r 


1 
2 
3 

4\ 

5 
6 
7 
8 

9 

10 

11 
12 


/ 


18 


P  a 

Is 


B 


BSDt. 


\ 


Surface  Boil      ... 

Sand  mixed  with  yellowish  clay 

day  mixed  with  clear  grey  sand 

ArgillaceouB  sand,  clear  grey 

Coarse    sand,  bluish,   contiiining   small 
pebbles. 

Sand,  clear  grey,  fine,  and  very  fluid    ... 

Coarse  sand,  bluish,  small  pebbles 

Coarse  sand,  bright  grey     ... 

Conrge    Rnnd,   bluish,  containing   small 
pebbles. 

Coarse  sand,  bluish,  small  pebbles,  debris 
of  'charcoal'  and  decayed  wood. 

Coarse  sand,  bluish,  galls  of  black  plastic 
clay,  and  decayed  wood. 

Sand,  very  fine,  bluish 

Coarse  sand,  bUckish,  mixed  with  bhick 
plastic  clay. 

Black  clay  and  fine  sand  ... 


o  . 

n  « 
^  S 


I 


1*33 
0-75 
0-35 
1-40 
0-30 

1-37 
015 
0-25 
0-30 

035 

0-35 

015 
0-60 

2-59 


a. 


BXMAftXS. 


1-33     30th  Oct.  1878. 

i 

2-08  I  2*80   M.,    waterl-evel  of 

I     sun^undiiig  wells. 
2'93     3*60  M.,  mean  seo-lerel. 

4-33  ' 
4-63  I 


600  I 
616  I 

6-40  * 

I 
6-70  , 

I 
705  ' 

I 
7-40  I 

I 

i 

7*55 

8- 16 

At  10-24  M.,    first  "«« 
of  water-level. 
10-74 


1  7th  July  1879,  No.  1496.     See  Appendix  1. 
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Table  3. — The  Boring  in  the  Jar  din  d'Acclimatation — conW. 


"^3 


e 

9 


^3  a 


16 


173 


181 


19 


20 


21 


> 


23  I 

24^ 

25 

S6^ 

27 

28}* 

29 

an 


32 
88 

^. 
85 

86 


}• 


9  P 


?5 

1^ 


D 


K 


\ 


F-i 


B*l. 


<»•{ 


HK 


M 


Fine  sand  and  black  «la4hy  claj 

Ooane  sand  with  a   UtUe  elay»  Bmall 
pebbles. 

Fine  sand,  decayed  wood,  no  clay 

Piaepttre  land  ... 

Black  compact  cUy,  with  vegetable 
detritus. 

Black  clay  mixed  with  fine  and  mediam 
sand. 

Black  clay  nixed  with  sand  and  pebbles 

Black  clay  mixed  with  medium  sand     .. 

Fine  sand  soiled  with  clay 

Fine  gr cy *aan  d  . . . 

Hard  black  clay  mixed  with  Very  fine 
sand. 

Medium  sand,  greyish        ••«  ... 

Sandy  black  clay 

Fine  grey  sand... 

Sandy  black  clay 

Fine  sand  mixed  with  black  clay 

Fine  sand  with  clots  of  sandy  clay 

Osmpaei  black  clay  mixed  with  veir  fine 
sand  and  some  small  granules  of  grey 
limestone. 

Plastic  black  clay  with  a  few  fragments 
of  shells. 

Compact  black  clay  mixed  with  very 
fine  sands. 

Black  clay  mixed  with  medium  sand    ... 

Fine  sand,  dull,  earthy  and  clayey 

Fine  sand,  less  dull,  earthy  and  clayey... 


o-8d 

0-40 

1-58 
2-20 
5*40 

2*90 

0*20 
2*80 
0-20 
110 


JM     . 

►  E 


11-62 
1202 

13-60 
15-80 
21-20 

2410 

24-30 
2710 
27  30 
28*40 


016    28-55 


215 
0*15 
0*55 
1*20 
0*40 
0*30 
6*70 

4*00 

0*75 

3*30 
1*35 
5*80 


30-70 
30*85 
31*40 
32*60 
8300 
33*30 
4000 


4400 

44-75 

48*05 
49*40 
54*70 


Rbmabks. 


At  56-50  M.,  1st  gush. 
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Table  3, — The  Boring  in  the  Jardin  d'Acdimaiaiion-^conti, 


cSS 


37^ 


88 


89 


i' 


41 

) 

42^ 


48 
44 
46 

46 
47 


> 


60 
61 

62 


&0B 

D  a 


■■ 


K-l 


M< 


0-i 


Coane  sand,  clayey,  containing  pebbles, 
moneU  of  conglomerate  and  debris 
of  f  erruginoua  grit. 

Coarse  sand,  pare,  containing  small 
pebbles,  conglomerates  and  lermgin- 
0118  grit. 

Coarse  sand,  binisb,  containing  small 
pebbles,  very  white  clay  and  fermgin- 
OQS  grit. 

White  sandy  clay 

White  sand,  with  small  pebbles,  frag- 
ments of  white  clay  and  f  ermginoos 
grit. 

Greyish  sand,  small  pebbles,  friable 
white  grit  and  qnartzose  agglomerate 
with  iron  pyrites. 

Blackish  sand,  friable  white  grits,  and 
the  pyritous  quaztoose  agglomerate 

Grey  sand,  and  the  same  fermginoos 
rock. 

Greyish  sand,  small  pebbles,  the  pTrit- 
ous  agglomerate  and  decayed  wood. 

Grey  sand,  gravel,  pyritous  agglome- 
rate,  ferrag^nons  grit. 

Grey  sand,  gravel,  small  pebbles,  decayed 
wood,  fragments  of  white  and  grey 
clay,  and  the  pyritous  agglomerate. 

Grey  sand,  very  fine  and  pnr» 

Fine  black-grey  sand,  fragments  of  de- 
cayed wood  and  vegetable  detritus. 

Medium  sand,  gravel,  small  pebbles,  de- 
cayed wood,  and  pyrites. 

Medium  greyish  sand«  clots  of  clay, 
gravel,  small  pebbles,  dcMyed  wocjd, 
and  pyrites. 

^iiiedium  grey  sand,  gravel,  decayed  woo^ 
small  pebbles,  and  pyrites. 


M  g 
o 


^  8 

I 

I" 


B«si.BKa. 


200 


2-50 


0-90 

016 
6-79 

0  66 

0^80 
0-60 
0-70 
0-60 
2-40 

0-90 
1-20 

4*20 

060 

1-12 


66-70 

69  20 

6010 

60*26 

66-04 

66-60 

67-40 

67-90 

68-60 

At  68-86  M.,  2Dd  guilb 

69-10 

71-60 

• 

72-40 

# 

78-60 

At  78-60  M..  8rd  gulw 

77-80 

78-4(> 

79-62 

At  79-84  M.,  41b  gosh, 
I3th  Feb.  1879. 
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Clayey    and  flandy 
groaping  of  the  beds. 


My  tentative  grouping  of  the  beds  giyes  the  following 


succession  : — 


Superficial  soil 

A.— Cayey  sands 

h. — Alternating  coarse  sands 

€. — Black  clay  and  fine  sand 

D.-  Clayey  sands 

£. — Sands  without  any  clay      . 

F. — Black  days,  sometimes  sandy 

O.— Alternating  sands  and  days 

H. — Alternating  sandy  days  and  sands    ..... 

I.— Thick  beds  of  block  clay 

J  — Fine  earthy  and  clayey  sands    • 

K  <~Bed8  of  coarse  sand  with  some  ferruginous  matter 
L.^White  sands,  clayey  and  conglomeratic     .        .        .        . 
M.—  Sands  with  seams  of  ferruginous  grit         .         .         .        • 

]^f. — Fine  sands 

O. — Sands,  gravelly  and  ferruginous 


4-83 

9-84 

12*52 

8*82 

4*19 

12*39 

8706 

11*80 

8*62 

483R 

21*81 

1771 

19*48 

17*90 

6*88 

19*41 


Feet. 


4-33 

1417 

26-79 

35*61 

3980 

5219 

89*26 

10105 

109*57 

157*95 

179*76 

197-47 

216*95 

284  85 

241-73 

261-14 


On  comparing  this  snocession  with  that  of  the  Savana  well,  there  does  not 

appear  to  be  yerj  much  in  common  at  first  sight,  except 

Savana^ffroupii^*.         *     *^**  ^^  ^®  ^^®  *^®  same  depth  in  each,  there  is  then  the 

same  number  of  gronps.  This,  however,  goes  for  nothing ; 
but  on  looking  atthe  g^ups  of  beds  there  does  appear  to  be  some  faint  connexion. 
In  the  Savana  section,  there  are  four  distinct  seams  of  clay,  viz.,  B,  D,  F,  and 
H,  while  in  this  section  there  are  only  F  and  I.  6,  in  the  first,  is  of  about  the 
same  thickness  as  the  upper  clay  in  the  Gkirden  section,  which  is,  however,  at  a 
depth  of  52*19  feet.  A  very  slight  dip  to  the  eastward,  which  ifl  not  an  unlikely 
supposition,  would  allow  of  these  being  the  same  bed.  The  clay  seam,  I,  in  the 
Ghffden  well  is  48*38  feet  in  thickness  ;  but  its  upper  surface  is  very  nearly  at 
the  same  depth  below  F  as  D  in  the  Savana  well  is  below  B.  There  the  corre- 
lation  would  seem  to  cease,  for  we  can  hardly  suppose  the  19*68  feet  seam  (D)  of 
the  Savana  to  have  thickened  out  so  tremendously.  No  other  decided  clay  seams 
are  found  in  the  Garden  boring,  as  if  F  and  H  in  the  Savann  might  also  have 
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ran  to  the  deep.     It  seems  more  likely  tbat  D,  F,  and  H  in  the  Saviina  may 
have  run  into  I  in  the  Gardens. 

Five  rising  sheets  of  water  were  tapped  in  the  Garden  well.     The  first  rise 

took  place  in  C,  bnt  at  a  point  (jmde  Table  3)  which  seems 
water  tbeet^  *^  indicate  that  the  black  clay  and  the  fine  sand  are  sepa- 

rate layers. 
During  the  whole  time  the  boring  was  going  on  through  the  groups  D,  E,  F, 

A  steady  rise  fchrongli.  ^'  ^  ^^  ^'  ^^^^  appears  to  have  been  a  steady  rise  of 
out  two  thick  banda  of  water  until  the  1st  gush  was  reached,  even  with  the 
^W'*  intervening   (ordinarily  impermeable)    37   feet  of  black 

clays  of  F,  and  the  48^  feet  of  thick  black  clays  of  I.  It  is  very  difficult  to  account 
for  this  apparent  permeability  of  such  beds,  even  though  the  boring  was  carried 
on  at  an  average  rate  of  more  than  3  feet  a  day.  It  may  have  been  that  the 
partings  between  the  separate  beds  of  clay  in  each  group  allowed  of  water 
percolating  from  thinned  out  beds  of  sand :  indeed  if  my  correlation  of  the 
lower  group  of  clay  beds  with  the  separated  clay  beds  in  the  Savana  section 
be  right,  then  the  intermediate  sand  beds  of  the  latter  section  would  thin  out 
between  the  thickening  clays  of  the  F  group  in  this  boring.  This  closing  np 
of  the  water  sheets  also  accounts  for  there  being  no  such  rises  of  water  level  as 
those  which  were  experienced  in  the  Savana  boring  until  the  group  H  was 
passed. 

The  Ist  gush  of  water  (in  the  Garden)  took  place  in  the  group  K  at  185*32 
The  let  iniah  takes      ^^^i  apparently  from  the  freer  coarse  sands  in  the  seam. 
place  below  the  second      On  the  boring  being  continued  the  water  fell  at  last  below 
seam  of  clays.  ^^   ground  level,   in  the  white  sands  of  L,   and  so  it 

remained  until  the  sands  of  the  middle  of  M  were  reached,  when  there  was  a 
2nd  gush,  which,  however,  fell  to  12  inches  below  surface  in  the  same  beds. 
A  3rd  gush  took  place  in  the  fine  sands  of  N,  but  this  water  soon  fell  to  level 
of  ground.  At  last  in  the  ferruginous  beds  of  O,  the  4th  and  permanent  gusk 
was  reached. 

Here  there  is  little  apparent  correspondence  between  the  behaviour  of  the 

springs  and  those  of  the  Savana  well :  and  certainly  the 
very  ^^e  those  m^the  ii^termittent  action  of  the  present  water-layers  is  extra- 
lower  permeable  seam  at  ordinary,  especially  in  the  occurrence  of  the  4th  gush, 
Savana.  which,  it  is  to  be  remarked,  is  from  bed  No.  62  of  the 

Table  (3),  which  bed  does  not  appear  to  differ  from  50  or  51  except  in  the 
absence  of  small  clots  of  clay.  It  may  be  that  these  clots  of  clay  are  so  matted 
together  as  to  have  formed  a  temporary  impermeable  layer.  They  are  present  in 
the  bottom  layers  of  N,  from  under  which  the  3rd  gush  arose,  while  the  Ist  gush 
came  from  slightly  clayey  beds.  It  seems  to  me  that  it  can  hardly  be  said  that 
these  gushes,  t;r«.,  the  1st,  2nd,  3rd,  and  4th,  are  really  from  different  water 
sheets ;  but  rather  that  they,  like  the  lower  ones  in  the  Savana  well,  are  from 
an  irregularly  permeated  thickness  of  sands  and  some  clays  which  required  time 
for  free  circulation  to  be  brought  about.  Thus,  I  would  suggest  that  both  the 
Savana  and  the  Garden  well  do  after  all  gather  their  waters  from  the  same 
ccroup  of  sandstones. 
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The  Boeing  in  the  Ville  Noire. 


A  foartli  boring,  in  the  Ville  Noire,  is  still  in  operation,  but  as  yet  there  is 

no  definite   information  as  to    a    satisfactory    sheet  of 
n  progress.  rifling  water  having  been  tapped. 

The  locality  has  been  chosen  on  comparatively  high  ground ;  but,  from  the 

section,  I  fear  it  is  altogether  too  near  the  Red  Hills  to 
Position.  ^^^  much  hope  of  a  sufficient  supply  of  water  being  found 

in  the  proper  alluvial  deposits,  though  the  news  of  a  rising  sheet  of  water  is 
hopeful.  The  boring  is  about  800  or  900  yards  from  the  sea,  and  nearly  1,250 
yards  north  of  the  parallel  of  the  Savana  well ;  it  is  abo  about  350  yards  south 
of  a  large  back-water  immediatelyjnorth  of  the  city. 

The  inner  diameter  of  the  tube  is  8*4  inches,  but  now  that  a  depth  of  550 

feet  has  been  reached,  it  is  proposed  to  insert  a  second 

*°^*  tube  of  6*4  inches  in  diameter. 

The  following  sectional  table  (4)  is  translated  from  a  copy  of  the  books  kept 

The  boring  section  so      »*  *^©  boring,  and  I  have  in  it  again— though  there  is  here 

far.  no  such  very  decided  grouping  of  the  arenaceous    and 

clayey  strata  as  in  the  southern  wells — attempted  a  classification  of  the  beds : — 

TaAle  4.— The  Ville  Noire  Boeing. 


so 

as 


1 
2 
8 
4 
6 
6 


I- 

< 


Bbdi. 


8 
9 


Natlbal  Eaath. 
Fine  pure  sand,  yellowish  ... 
Medium  sand,  clean,  reddish 
Fine  clean  sand,  grej 
Fine  grey  earthy  sand 
Fine  bluish  earthy  sand 


e  o 

-SB 


•  •• 


B' 


Bhickish  sand,  dirty,  slimy,  massive  shells 
and  Crustacea,  small  pebbles,  grey  grit 
very  hard. 

Bkck  clay,  P  in  laminfl%  mixed  with 
sand,  shells,  Crustacea,  small  gravel, 
and  decayed  wood. 

Black  plastic  clay,  contfuning  decayed 
wood. 

Compact  black  clay,  mixed  with  very 
fine  micaceous  sand,  and  some  small 
calcareous  granules. 


0*60 
100 
0-40 
8-50 
1-70 
8*60 
8-34 


2'27 


4-49 


4-29 


8 

« 

e 


0*50 
1-60 
1-90 
5-40 
710 
10-70 
14-04 


16-81 


20*80 


2509 


Rbkabxs. 


Represented  in  bed  4  of 
Savana  boring  and  per- 
haps by  9  and  10  in  the 
Garden  well. 
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Table  4. — TAe  Ville  Noire  Boring — continued. 


12 
IS 

14 
15 
Id 

17 

18 

19 


20 

21 

22 
23 

24 

26 
26 
27 
28 

29 

80 


te  . 


b   3 

■fic 


Bso0. 


;:i!"^ 

M 


D 


>  E-; 


GrcyiBh  clay,  mixed  with  very  fine  snnd 

Medium  mnd»  toiled  with  black  clay    ... 

Medium  sand,  fine  and  clear  grey 

Coane  dirty 'grey  sand,  containing  small 
pebbles. 

Black  plastic  clay 

Fine  black  dajey  sand 

Clay  marbled  with  reddish  and^  bluish 
tints,  coane  sand  and  pebbles. 

Pale  yellow  medium  sand,  soiled  with 
clay. 

Dirty-grey  coarse  stnd  mixed  with  peb- 
bles. 

Coarse  sand  soiled  with  clear  yellowish 
clay,  mixed  with  small  pebbles  of  grit 
and  ferruginous  conglomerates. 

Coarse  sand  soiled  with  reddish  clay,  fer- 
ruginous pebbly  grit  and  small  pebbles. 

Blueish  white  plastic  clay,  mixed  with 
red  sand  and  some  pebbles. 

Pftle-yellow  sand,  gravel  and  pebbles    ... 

Sand  soiled  with  reddish  clay  and  mixed 
with  pebbles. 

Reddish  yellow  sand,  small  white  and 
red  clay -galls,  grit  and  pebbles. 


J 

ii 

180 
1-25 
047 

••• 


Yellow -brown  medium  sand 
JjaminsB  of  colored  clay  and  pebbles 
Grey  black  clay  with  some  gravel 


Plastic  clay,  ribboned  black,  yellow,  red 
and  grey. 

Plastic  black  clay  and  a  little  sand 

Coarse  purple  argillaceous  sand,    with 
patches  of  colored  clay. 


401 

415 
0*40 
6-92 

200 

0*80 

1-60 


0-80 

120 

0-40 
0-45 

914 

100 
0*86 
0-29 
0-80 

0-20 
100 


si 

si 

8  a 


I- 


26-69 
27-91 
28-41 
32-42 

86-57 
86-97 

43-81^ 

45*89 
46-69 
48-29 


49  09 

50*29 

50-69 
5114 

60-28 

61-88 
62-74 
6308 
63-33 

63-53 
64  53 


Bbmabxb. 
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Table  4. — TAe  Fille  Noire  Boring — continued. 


I -a 


81 

82 

38 

34 
86 
86 
87 

88 

89 

40 

41 
42 

43 

44 

46 

46 
47 

48 

49 

60 


g.2 
♦»  o 


l-o< 


BssB. 


Agglomeration  of  vegetable  detritus, 
compact  lignite  and  some  graiua  of 
fouil  resin. 

Reddish  clayey  sand,  patches  of  colored 
clay,  ferrugioous  gnt  and  iron  pyrites. 

Blood-red  sand,  ferruginous  grit,  pyritous 
and  pebbly. 

Medium  sand  soiled  urith  reddish  clay  ... 

Clear  red  sand  and  small  pebbles 

Red  earthy  medium  sand,  small  pebbles 

Clear  yellow  argillaceous  sand,   gravel 
and  milky-white  pebUes. 

Clear  red  sand,  gravel  and  ferruginons 
grit. 

Orey  black  argillaceous  sand,  small  peb- 
bles and  iron  pyrites. 

Clear  red  sand,  small  pebbles,  and  patches 
of  clay  at  the  bottom. 

Coarse  grcQr  Mud,  with  small  pebbles   ... 

Pure  canary-colored  sand,  small  white 
pebbles  and  ferruginons  grit. 

Golden  yellow  argilkieeous  sand  asd  small 
white  pebbles. 

Yellowish  argillaceous  sand,  colored  sandy 
clay-galls  and  ferruginous  grit. 

Dirty  reddish  coarse  sand,  pebbles,  ferru- 
ginous grit,  and  patches  of  colored  clay. 

Yellow-red  sand  and  coloored  sandy  day 

Fine  vellow-red  argiUaceoos  sand  with 
patches  or  laminsB  of  colored  clay. 

Dirty-yellow  medium  aif^laceons  sand^ 
ferruginous  grit  and  gmvel. 

Dirty-grey  sand,  clots  of  bluish  sandy 
clay  wiUi  vegetable  matter. 

Ashy  blue  plastic  clay 


I. 

s  ^ 

M  fl 


0-91 

1-65 

105 

0-94 
1-61 
2-40 
1-36 

2-43 

0-20 

504 

0-48 
1-89 

2*81 

1*60 

0-40 

2-26 
2-87 

2-06 

Oil 

016 


► 

•mm 

It 

66'44 


67-09 

6814 

6908 
70-69 
7809 
7404 

76-87 

7707 

82-71 

83*19 
86-08 

67*89 

89-49 

88-89 

9216 
94*62 

96-68 

9669 

96-84 


BSMAKKS. 


These  pyritous  beds  seem 
to  be  represented  at 
about  the  same  depths 
in  the  Garden  well, 
down  to  79-62  meters. 
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Table  4. — Tie  Fille  Noire  jBarffy'— continued. 


"23 

|e 
a  o 

oa5 


61 
52 
53 

54 
56 

56 
57 
58 
59 
60 
61 

62 
68 

64 

65 
66 
67 

68 

69 

70 

71 
72 

78 


o 

If 

< 


^G-l 


I       I 


1 


>  M 


Bsirt. 


Grey  sand  with  clots  of  colored  clay    ... 

Fine  Tsriegated  iirgiUaceoiis  land 

Yellow  Band  with  clots  of  variegated  clay, 
small  pebbles. 

Clear-red  sand  soiled  with  clay 

Yellowish  sand  and  sandy  clay,  small 
pebbles. 

Coarse  yellow  sand,  soiled  with  clay    ... 

Ashy  grey  sand 

Ashy  bine  sandy  clay 

Variegated  sandy  clay 

Grey  sandy  clay 

Fine  yellowish  argillaceous  sand,  gravel 
and  fermginons  patches. 

Clear  pnrple  argillaceons  sand 

Yellow  sand  soiled  with  clay,  small  peb> 
bles  and  ferruginous  grit. 

Beddish  sand  soiled  with  clay,  small|pebbles 

Yellowish  sand  soiled  with  clay  ] 

Reddish-grey  sand  soiled  with  clay 

Yellow  sand  soiled  with  clay,  slabs  ('  pla- 
quettes ')  of  ferruginous  grit 

Fine  sand,  dots  of  black  clay  mixed  with 
vegetable  detritus. 

Yellow  sand,  Vith  slabs  or  patches  of 
colored  clay. 

Fine  bluish-white  tand  with  sIaImi   of 
iron  pyrites. 

Medium  grey  sand 

Medium  grey-hlack  sand  with  slabs*  of 
iron  pyrites. 

Agglomerate  of  vegetable  detritus  mixed 
with  very  fine  black  sand. 


• 

jk 

3 

H 

^ 

<*« 

It 

1 

gj 

eu 

0*22 

97-06 

0-78 

97-79 

0*88 

98-12 

1-76 

99-87 

119 

101-06 

2-68 

108-69 

0-81 

104-40 

049 

104-89 

0-50 

106-89 

8-06 

108-46 

6-64 

116-09 

100 

116-09 

6-89 

122-98 

0*48 

123-41 

1-78 

126-19 

1-67 

126-76 

6-45 

132-21 

0-92 

188-13 

2-98 

18611 

117 

187-28 

1-80 

139-08 

2-08 

141-16 

0-25 

141-41 

BaxABxs. 


*  These  slabs  an  com' 
posed  of  white  qairts 
grains  and  iron  pjritei; 
tolerably  hard  and  com- 
pact. 
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Table  4,^^'The  Ville  Noire  Boring — concluded. 


II 

1-1 

o  te! 


74 

75 
76 
77 
78 

79 

80 
81 


-55 


M^ 


■f  V. 


Bbdb. 


Coaree  black  argillnceous  sand  with  iron 
pyrites. 

Ashy  bine  clay  and  vegetable  matter   ... 

Foliated  ashy  blue  clay       ... 

Medium  grey-black  sand    ... 

Ashy  bine  clay,  vegetable  detritus,  and 
very  fine  sandi. 

Black  sand  soiled  with  clay,  small  gravel 
and  vegetable  matter. 

Dirty  black-grey  sand,  small  pebbles   ... 

Yellow  sand,  f ermginons  grit  and  con- 
glomerates* 

Qrey  sand  soiled  with  clay,  small  peb- 
bles. 


o  ^ 

A 
H 


•a 


Is 
►  a 

1^ 


0  99   142-40 


313 
010 
1-87 
010 

1*00 

1-96 
090 

0-00 


145-63 
145-63 
147-00 
14710 

148-10 

160-06 
15096 

151*66 
164-60 


RlMABKS. 


Water  ii  rising  from  this 
depth,  and  flowing  out 
at  2-96  feet  below  the 
surface  level,  with  a 
discharge  of  18-21  gal- 
lons a  minute. 


Tentative  g  ro  up  in g. 


Natural  earth  

A.*Sands 

B.^Thick  beds  of  chty 

C — Sands,  with  seams  of  pebbles 

D. — Clays  and  clayey  sands 

B.— Taried  beds  of  sand*  pebbly,  conglomeratic,  and  clayey      •        • 

F^ — Clays  and  clayey  sands 

O. — Ifixed  beds  of  sand,  clays,  and  graveU 

H. — Sandy  clays 

I. — Sands,  somewhat  clayey  and  ferruginous  ... 

J.— Mixed   sands,   clays,  and  sandy  or  argillaceous  beds,    with  some 
pyritous  sands,  and  seams  of  vegetable  remains      .... 

K.— Sands  with  pebbles  and  conglomerates 


1-64 
46-05 
91-64 
106-83 
160-61 
202-96 
211-64 
342-41 
855-69 
446-41 

485-73 
49707 
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All  these  beds  are  still  essentiallj  loose  and  incoherent,  with  the  exception  of 

the  occasional  bands  or  slabs  (*'  plaquettes'*)  of  ferruginoiis 
BtiU  m  alluvial  deposits.  ..  ,        .    ,         .     ^,  n      •  i  j         -x         t*  ;- 

gnt ;  and  so  belong  to  the  proper  alluvial  deposits.     It  is 

true  that  they  are  becoming  fermginons  and  of  yellow  and  red  colors,  and  are  thus 
somewhat  like  beds  of  the  Tertiary  "  CnddaJor©  sandstones "  of  the  Red  Hills 
plateau  to  the  north-westward,  but  they  are  merely  the  debris  of  these  sand- 
stones, the  same  kind  of  accumulations  occurring  along  the  edge  of  the  rise  np  to 
the  Bed  Hills  as  near  the  village  of  Mootnapallem.  It  may  then  be  that  the 
auger  is  nearing  the  Tertiary  beds,  but  I  do  not  think  it  is  yet  in  them  : 
certainly  it  was  not  in  them  when  I  was  at  Pondicherry,  and  then  the  sludge 
pump  was  bringing  up  stufE  from  500  feet  deep. 

In  comparing  this  section  with  those  of  Savana  and  the  gardens,  it  would 

seem  as  though  we  still  had  the  two  broad  series  of  clays, 
ot^r"b^ri^.  ^'^^    **"*     though  they  are  hardly  so  sharply  defined  and  compact. 

The  presence  of  shelly  and  crustacean  remains  in  the 
Savana  and  this  section  is  perhaps  the  safest  ground  to  go  on  for  a  comparison, 
and  these  are  in  the  upper  parts  of  the  uppermost  clay  bands.  Such  remains 
were  not  noted  in  the  garden  boring,  but  it  may  be  that  the  clay  with  vegetable 
detritus  at  69  feet  answers  to  it.  However,  if  these  clay  bands  are  the 
same,  it  is  difficult  to  account  for  no  gush  or  even  rise  in  the  Black  Town 
well  so  far. 

If  the  seams  of  clayey  and  sandy  layers,  down  to  below  the  second  band  of  clay, 

be  the  same,  then  some  explanation  may  be  given  for  the 
non.riM*^wateJ.**^^°     non-rise  of  water  in  this  boring.     From  the   Savana  weU 

to  the  Ville  Noire  section,  there  is  a  very  slight  dip  to  the 
northward  of  the  impermeable  bands,  along  which  sufficient  friction  may  be 
developed  to  stop  a  rise.  Again,  the  Yille  Noire  clay  seams  dip  to  the  gu^en 
well  at  a  quicker  angle :  so  that  really,  though  the  supposed  head  of  water  would 
allow  of  all  the  seams  being  evenly  filled  up  with  water,  it  may  be  that  the  flow 
to  the  dip  is  stronger  than  the  tendency  to  rise  in  the  Black  Town  welL 

This  would  open  up  the  question,  whether  the  discharge  at  the  Savana  and 

DonU  ai   to   an  nn*      ^  ^®  gardens  may  not  be  sufficient  to  operate  against 

limited  supply  of  water      the  tendency  to  rise  in  the  Yille  Noire ;  and  again,  whe- 

intbe  Pondicherry  seann.     ^j^^^.  ^^^  water-supply  of  these  wells  is  so  great  as  the 

implied  storage  from  the  two  rivers  and  the  wide  alluvial  basin  in  the  neighbour- 
hood of  Pondicherry. 

SUMMABT  OF  DaTA  AND   GONCLUSIOITS. 

The  data  thus  obtained  regarding  the  flow  of  water,  the  water  itself,  the 
strata  passed  through,  and  the  position  of  the  wells,  and  the  conclusions  and 
conjectures  which  I  have  been  able  to  draw  from  them,  may  now  be  summarised 
as  follows  :^ 

There  has  been  a  continuous  discharge  from  each  of  the  wells  for  one  year  at 

least,  and  one  of  them  has  been  flowing  for  two  years  and  six 
w^t^t^d^''^  ^^  ^'      months.     The  hydrostatic  level  gradually  increased,  within 

a  short  time,  up  to  a  certain  point  and  has  remained  so 
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^thout  any  sensible  diminution  up  to  the  present  time.     The  discharge  also 
^radaally  obtained  its  present  rate,  and  there  has  been  no  sensible  decrease. 

The  gosh  must  then    be  due   to  hydrostatic  pressure,  and  the  wells  must 
The  wdJs  axiedan  ^  considered,  as  was  always  contended  for  by  Mr.  Poulain, 

as  properly  artesian.  ' 

The  water  is  generally  of  the  same  quality  and  constitution  in  each  well ;   if 

anything,  that  of  the  Oopallem  well  is  brighter,  clearer, 

all  the  weUs!  ^  ^  "^^^  *"     *^^  ®^  ^  bluer  tinge.      It  contains  the  same  vegetable 

germs. 
The  borings  are  all  in  the  alluvial  deposits ;  but  one  of  them  (that  of  the 

-«    .     ,      ^  Ville   Noire)  is  near  the  bottom  of  these.     There  is  a 

The  DanoB  of  perme-  .  . 

able  and    impermeable      Certain  relation  between  the  beds  pierced  in  each  bore- 

■trata  appear  to  be  the  ^q^  which  leads  to  the  conclusion  that  groups  of  them 
flame  in  all. 

are  continuous  over  the  area  tapped.     The  upper  clay  seam 

or  band  certainly  appears  to  be  the  same  in  all ;  it  is  very  nearly  the  same  thick- 
ness throughout,  and  it  is  the  estuarine  set  of  beds  usually  found  at  such  a  depth 
on  the  Coromandel.  The  second  clay  seam  is  not  so  clearly  represented  in  each 
section ;  but  there  are  strong  points  of  similarity.  A  peculiar  pyritous  set  of 
beds  associated  with  seams  of  vegetable  debris  occurs  once  in  the  garden  well 
and  twice  in  the  boring  at  the  Ville  Noire,  and  that  in  the  former  appears  to 
correspond  to  the  upper  one  in  the  latter. 

The  Savana,  Garden,  and  Oopallem  wells  are  nearly  in  a  line  ranging,  from 

the  first,  in  an  east-south-east  line  for  about  470  yards  to 

d^S'tolh^^ti^t^^'^^*     *^®  garden,  and  then  south-east-by-south  for  about  770 

yards  to  Oopallem,  that  is,  tolerably  in  the  line  of  dip 
which  the  strata  might  be  supposed  to  have  in  this  locality. 

In  the  Savana  and  Garden  wells,  the  upper  clay  seam  has  a  dip  of  2^  to  3^  to 
the  eastward,  and  from  this  line  it  rises  slightly  to  the  Ville  Noire  section.  Veiy 
nearly  at  the  8ame  depth  below  the  upper  clay  band  comes  the  second  seam,  but 
it  has  a  flatter  lie ;  indeed,  it  would  appear  to  be  almost  horissontal  in  the  tri- 
angular area  formed  by  the  Savana,  Gkurden,  and  Ville  Noire  points. 

A  rise  of  water  took  place  in  the  Gkmlens  from  the  sandy  beds  above  the 
Conjeetore  ai  to  the     upper  clay  seam,   which  seems  to  indicate  that  its  head 

;:SSrT«d  tte'^SSe^     ^7  ^  ^^  °°  8^*  ^**°~  ^"^  Pondicheny. 
sheet.  Water  gushed  in  this  and  the  Savana  borings  from  the 

permeable  band  below  the  upper  clays ;  but  the  flow  did  not  gfive  promise  of 
permanency.  I  think,  however,  the  Oopallem  water  rises  from  the  arenaceous 
band  between  the  two  main  day  seams. 

In  both  the  Savana  and  Garden  wells  the  jet  now  obtained  began  at  different 
levels  in  the  arenaceous  strata  below  the  second  clay  seam.  It  is  questionable 
whether  these  rise  from  separate  sheets. 

If  the  upper  clay  seam  preserves  its  dip  and  is  continued  to  the  westward, 

Conjeetnree  as  to  the     ^^  might  crop  up  to  the  snr&oe  at  two  miles  back,   or  in 

lie  of  the  atrata.  the  bed  of  the  Ariancnp  or  Gingee  river  at  only  a  few 

miles  west  of  Pondicherry.     It  is  also  possible  that  the  lower  seam  might  crop 

up  within  six  miles  west  of  the  new  vents.    On  this  it  is  conjccturable  that  the 
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Oopallcm  well  may  draw  its  waters  from  a  source  witliin  six  miles  of  Pondi- 
cherry. 

The  Pondicherry-Cuddalore  Alluyial  Basin. 

The  wells  are  then  all  in  the  alluvial  dtjjosits  ;  indeed,  as  will  be  seen  later  on, 
it  was  not  to  be  expected  that  any  but  very  deep  borings  could  reach  the  older 
rocksy  which  by  their  lie  might  be  presumed  to  hold  water  with  a  head ;  it  there- 
fore becomes  necessary  to  enquire  into  the  condition  of  these  deposits  in  this 
region  which  give  this  hydrostatic  level  to  their  waters  at  the  sea-board. 

Mr.  Poulain  is,  I  think,  firmly  convinced  that  the  head  of  water  is  gained  on 
Mr.Poulain'sviewson  ^^^  ^"^^^^  western  edge  of  the  alluvial  plain  behind 
the  source  and  head  of  Pondicheny  from  the  Pennar  and  Gingee  rivers,  his 
^**®''  arguments  being  fully  given  in  his  series  of  papers'*  read 

before  the  Artesian  Wells  Commission.  The  facts  relied  on  are  the  hydrostatic 
level,  much  diminished,  however,  by  friction  in  the  distance  traversed  by  the 
water ;  the  immediate  growth  in  it,  after  discharge,  of  vegetable  matter  similar  to 
that  seen  in  the  river  mentioned ;  and  an  apparent  rise  of  the  hydrostatic  level  in 
accordance  with  an  observed  rise  in  the  rivers.  The  endurance  of  the  flow  is 
again  very  suggestive  of  a  constant  and  large  supply  of  water,  such,  indeed,  as 
we  might  think  could  only  be  kept  up  by  two  rivers  of  this  size  and  a  large  basin 
for  its  reception  and  storage. 

The  correspondence  between  the  rise  of  the  rivers  and  any  rise  in  the  jets 

„       ,         ,  requires  more  and  very  careful  observation,   and  Mr. 

Bemarks  on  these.  -ni-  -iv'i*^  xi.- 

Poulain  expressed  himself  to  me  as  not  being  very  sure 

on  this  point.    The  vegetable  matter  is  certainly  similar  to  that  seen  floating 

along  the  river  chazinels,  but  the  same  growth  may  be  observed  on  the  sur&M^e 

of  most  wells  and  certainly  in  the  channels  leading  from  them.     Little  can  be 

made  out  of  the  qoality  of  the  water,  for  it  must  have  undergone  many  changes 

in  its  passage  through  the  different  beds,  even  if  it  percolated  only  along  one 

series.     I  should  certainly  never  take  it  to  be  water  from  the  higher  levels  of  the 

GHngee  or  Pennar,  for,  outside  of  the  alluvial  area  these  waters  have  travelled 

over  gneiss  which  is  frequently  weathered,  and  over  soda  soils.    To  all  appear- 

mnoe,  it  might  have  come  from  the  great  tank  some  7  or  8  miles  to  the  west  of 

Pondicheny. 

However,  there  is  the  hydrostatic  level  which  requires  a  head,  and  some 
distance  is  required  for  that  in  a  gently  sloping  plain.  For  the  constant  and  large 
supply  of  water,  so  far,  the  difficulty  is  not  great,  the  whole  amount  discharged 
from  the  three  wells  in  the  year  being  only  about  160,065,975  gallons,  or  say 
737,000  cubic  yards. 

The  Pondicherry-Cuddalore  alluvial  plain  or  bay  may  be  said  to  have  its  head 

„„.,,.,..  at  the  viUaire  of  Allabadi  on  the  Penn&r  at  about  27  miles 

The  alluTial  basin.  ^ 

west  of  the  sea  shore.  From  this  point,  the  bay  widens 
out  to  the  east-north-east  and  east-south-east,  the  one  edge  going  away,  without 
much  indentation,  towards  Cuddalore,  which  town  is  situated  on  the  southern 
seaward  arm  or  horn  of  the  plain,  while  the  other  bends  round  in  two  loops  up 

*  Trayaux  dcs  Commissions  Locales,  Pondichcrry,  1877. 
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the  Gingee  yallej  before  it  trends  round  again  with  a  sonth-east  cnrve  towards 
Pondiclieny.  In  ihiB  way  the  plain  widens  out  considerably  for  a  time  until  it 
has  a  breadth  of  some  24  miles,  and  then  it  closes  in  towards  the  sea-coast  to  a 
breadth  of  some  12  miles  between  the  low  plateau  headlands  of  the  Red  Hills  of 
Pondicheny  on  the  north  and  Capper  Hill  near  Cuddalore  to  the  south,  after 
which  it  again  widens  out  to  the  sea  beach  by  the  two  arms  or  horns  already 
mentioned,  only  the  northern  horn  is  flanked  to  the  sea  by  the  Red  Hills,  which 
drop  down  in  low  clifEs  to  the  belt  of  sea  sands. 

The  area  of  the  plain  may  be  roughly  stated  at  500  square  miles,  and  the  bound- 

.  ary  or  edge  receptive  of  waters  from  the  adjacent  rising 

ground  may  be  taken  as  150  miles  long.     The  drainage 

supply  of  this  basin  is,  however,  tremendously  increased  by  the  two  large  riFers 

flowing  into  it. 

An  estimate  of  the  surface  inclinations  may  be  made  from  a  calculation  by 

_,    .      .    ,.    X.  ^r.    Carriol,   who  states  that  the  village  of  ViUapuram 

Surface  inclinations.        ,^„,       ._        '  ,--r.      n.-i  N.-i^jn^i.^-. 

(23 J  miles  due  west  of  Pondicherry)  is  lo4*84  feet  above 

mean  sea-level,  which  would  give  a  rise  of  6^  feet  in  the  mile.  AUabadi  at  the 
head  of  the  plain  is  about  12  miles  further  west,  and  at  the  same  rise  would  be 
232  feet  above  tbe  sea ;  but  as  ViUapuram  is  at  the  end  of  a  spur  of  rather 
elevated  ground  between  the  two  rivers,  there  can  hardly  be  such  a  difference 
between  it  and  the  bed  of  the  Pennar  below  the  above  village.  It  will  be  safer  to 
take  the  level  of  the  river  bed  as  about  the  same  as  that  of  ViUapuram :  so  that 
from  its  debouchment  on  the  plain  to  the  coast  there  is  a  faU  of  at  least  4*36  feet 
in  the  mile. 

The  basin  in  which  the  alluvial  deposits  of  the  plains  are  laid  down  appears 
Form  of  the  basin  and     ^  ^lope  graduaUy  from  its  western  edges,  but  to  deepen 
tbe  Ue  of  its  alluvial  de-      more  suddenly  on  its  north  and  south  edges,  though  it 
P°"**"-  again  has  a  shelving  edge  on  the  seaward  side  of  the 

Pondicherry  Red  Hills.  The  borings  themselves  do  not  show  very  much  as  to  the 
thickness  of  the  deposits,  though  that  in  the  ViUe  Noire  makes  it  542  feet,  com- 
paratively close  (about  1^  miles)  to  the  Red  Hills.  As  far,  too,  as  tbese  borings 
go,  there  appears  to  be  a  tolerably  flat  lie  of  the  beds,  or  at  any  rate  a  very  low 
dip  of  between  2*^  and  3°  to  the  eastward. 

The  floor  of  the  basin  is  a  wide  hollow  worn  in  the  gneiss  or  bottom  rock  of 
Til  ftf  t>i  fl  *^®  country,  its  northern  and  southern  edges  being  of  the 

overlying  cretaceous  and  tertiary  strata  which  were  once 
(continuous  over  what  is  now  the  hollow.  The  latter  formations  are  dipping  at  low 
angles  to  the.  eastward,  and  form  a  slightly  elevated  country  to  the  westward  of 
Pondicherry  and  Cuddalore  ;  so  that  a  traverse  from  either  of  these  places  passes 
from  the  alluvium  to  the  rising  plateau  hills  of  red  tertiary  sandstones  and 
conglomerates  (Cuddalore  sandstones)  of  the  Red  Hills,  across  these  and  down 
to  a  lowlying  belt  of  cretaceous  rocks,  and  then  on  to  the  further  rising  grounds 
of  the  crystalline  or  floor  rocks.  At  the  Pondicherry  side,  this  order  of  outcrop 
is  not  quite  so  regular ;  here  the  red  sandstones  have  not  been  so  completely 
denuded  to  the  westward,  and  thus  a  patch  (the  well-known  fossil  wood  beds)  of 
these  still  remains  at  Trivucari  lapping  over  the  cretaceous  beds  on  to  the  gneiss. 
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The  stratigraphy  of  the  formations  older  than  the  allavium  is  thus  so  far 
favorable  for  artesian  borings,  were  the  latter  carried  to  a  sufficient  depth ;  but  it 
is  just  this  depth  and  the  probability  of  having  to  pass  through  the  hard  and 
coarse  grits  and  conglomerates  of  the  Cuddalore  sandstones  which  would  make 
them  impracticable. 

Considerations  on  oUier  localities  suitable  for  artesian  wells. 

The  wells  are  then  sunk  in  the  northerly  seaward  corner  of  an  extensive  coastal 
alluvial  plain  or  basin,  into  which  flow  two  large  rivers  whose  waters  may  be 
relied  on  in  great  measure  for  keeping  the  permeable  strata  well  filled,  and  which 
spreads  back  far  enough  from  the  coast  for  its  surface  inclination  to  give  a 
head  to  these  waters.  Such  is  the  broad  and  patent  condition  of  affairs  here ; 
henco  in  enquiring  as  to  the  suitability  of  other  parts  of  the  Coromandel  (or 
even  further  inland)  for  artesian  borings,  the  most  evident  requirement  is 
that  they  should  have  all  the  capabilities  of  the  Pondicherry-Cuddalore  basin 
to  ensure  success. 

Nevertheless,   there  are  certain  points   (some  of  them   already  hinted  at) 
Doubts  M  to  the  ne-      which  make   me   doubt  whether  the  siro  of  this   basin 
ceasity    for  ao  lai^   a      or  the  large  supply  of  water  received  into  it,  or  even 
^^*'^'^-  the  head   attainable  at  the  entrance  of  the  rivers  on  the 

plain,  are  really  necessaiy  for  the  discharge  and  hydrostatic  level  attained.  It  is 
a  question  with  me  whether,  for  instance,  the  same  hydrostatic  level  could  not 
be  attained  with  a  much  lower  head,  at  a  lesser  distance  from  the  vents ;  there 
being  no  doubt  that  the  supply  of  water,  obtained  so  far,  is  not  beyond  what 
the  Ariancup  river  could  give  to  absorbent  strata  only  a  few  miles  from  its 
mouth.  The  irregular  oscillations  of  the  water  rise  in  the  sonthem  bore  holes ; 
and  the  failure  of  a  rise  in  the  Yille  Noire  boring  through  all  the  strata  which 
appear  to  correspond  to  those  of  the  former  wells  and  for  such  a  depth  seem 
also  to  point  to  a  head  not  far  distant,  and  only  a  moderate  supply  of  water. 
I  find  it  hard  too  to  believe  in  the  implied  great  extension  of  the  impervious 
seams  or  bands  met  within  the  borings ;  the  few  outcrops  of  alluvial  strata  which 
I  have  seen  in  high  river  banks  having  generally  given  indications  of  ultimate 
thinning  out  within  comparatively  short  distances,  for  the  most  part  up,  bnt 
veiy  often  down,  the  river's  course.  It  is  again  difficult  for  one  to  conceive 
that  the  borings,  so  vexy  shallow  in  such  a  wide  plain,  south  of  the  tovm,  have 
run  down  anywhere  near  strata  holding  water  absorbed  in  the  higher  reaches 
of  the  rivers  within  the  edge  of  the  basin. 

The  town  of  Cuddalore,  situated  as  it  is  at  the  southern  seaward  comer  of  the 

same  basin,  is,  on  the  face  of  it»  the  most  obvious  place 

lu^de  ^*^.^*  ^"^  *^'     ^  *^  ^"*'     ^^*  *^®  ^^  ^^  Madras  is  for  many  reasons 

the  more  important  site.     At  the  same  time,  there  would 

appear  to  be  even  better  sites  than  Cuddalore,  on  the  deltas  of  the  Cauveiy, 
Ponn6r,  Kistna,  and  Godavari. 

Madras,  though  on  the  edge  of  <«  remarkably  long  belt  of  coastal  alluvium, 

Mad        t  first  sieht     ^®  directly  in  front  of  only  a  small  alluvial  bay  or  plain, 

not  60  farorably  sitnat-      very  much  smaller  than  that  of  the  French  settlement : 

®^*  so  that  if  it  were  necessary  to  go  entirely  on  the  charac- 
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ters  of  the  latter  area,  there  would  not  be  much  probability  of  Buccess  here. 

Its  alluvial  deposits  are,  however,  not  confined  to  this  bay,  but  are  connected, 

to  the  north-west,  with  the  great  fiat  of  the  Cortelliar  and  Namayeram  river 

basins,  the  permeable  beds  of  which  may  trend  down  in  this  direction. 

This  western    plain  is  fianked  to  the  north  and  south  respectively  by  the 

,,    .  ,  .  Bed  Hills  and  by  the  St.  Thomas'  Mount  ranee  of  hicrh 

lU  proper  Bllnvml  bay  ^       .       ,  ./  j         i.      «j         j  j      •   .    • 

small,  bat  still  possibly     ground,  whence  it  spreads  outwards  and  seawards,  ]oinmg 

able    to    supply    water     the  Cortelliar  alluvium  on  the  one  side  and  stretching 

down  the  coast  to  Govelong  on  the  other.  It  extends  to 
the  westward  by  a  long  arm,  at  the  western  end  of  which  it  is  again  connected 
with  the  Cortelliar  alluviums  by  a  narrow  neck  across  the  south-westerly  exten- 
sion of  the  Bed  Hills  plateau  ;  and  it  sends  another  good  arm  to  the  south-west 
past  the  Palaveram  hills.  Its  extreme  length  to  the  western  neck  is  about  20 
miles,  the  breadth  between  the  two  low  headlands  being  about  1\  miles.  The 
receptive  edge  is  not  more  than  80  miles  in  length,  and  the  area,  including  the 
stretch  to  the  coast,  is  at  a  rough  calculation  about  175  square  miles.  It  is  only 
fed  by  the  Triplicane  (also  called  the  Madras  riyer  and  the  Cooum)  and  the 
Saidapet  (otherwise  the  Adyar)  rivers,  which  have,  however,  only  small  drainage 
areas.  There  is  a  possibility,  however,  that  a  fair  supply  of  water  may  be  drawn 
in  at  the  western  neck  by  the  narrow  channel  there  connecting  the  Cortelliar 
alluyiums  with  those  of  the  Triplicane  river.  In  fact,  unless  there  is  a  supply 
of  this  kind  at  that  point,  no  head  of  water  can,  I  think,  be  reckoned  on  until 
within  8  miles  of  Madras,  when  waters  would  have  a  sufficient  receptive  edge 
and  length  of  river  bed  fbr  their  collection. 

There  is  eveiy  reason  to  suppose  that  l^e  uppermost  of  the  two  clay  bands  at 
Pondicherry  may  even  be  found  in  the  Madras  plain,  the  same  kind  of  shelly 
deposit  haying  been  met  with  in  the  few  shallow  borings  which  have  from  time 
to  time  been  made,  while  the  extent  of  this  plain  compared  with  the  size  of  the 
streams  flowing  into  it  seems  to  indicate  a  wide-spread  or  westward  extension 
of  estuarine  beds. 

I  have  already  expressed  my  opinion  that  the  water  of  the  Oopallem  well  is 
from  the  permeable  band  under  the  upper  clay  seam  of  the  Pondicherry  plain,  and 
there  is  just  a  possibility  that  this  permeable  seam  may  crop  up  in  the  Oingee 
or  Ariancup  riyer  a  few  miles  west  of  the  town.  This  is  a  bare  possibility  o^y, 
which,  however,  does  not  practically  affect  the  Pondicherry  supply ;  but  it  is  the 
only  supposition  which  gives  promise  of  any  rise  from  small  basins  like  that  of 
Madras,  and  it  may  be  that  the  head  gainable  at  6  or  8  miles  from  the  coast 
would  be  sufficient  for  a  rise.  The  quantity  of  water  is,  I  belieye,  attainable  in 
the  Madras  bay,  within  8  miles  of  the  town. 

Fortunately,  however,  as  I  think,  for  Madras,  it  is  situated  on  the  southern 
The  proximity  of  the  "™  ^^  *^®  Cortelliar  and  Namaveram  plains,  and  in  these 
Cortelliar  and  Namaver-  there  are,  to  all  appearance,  all  the  necessaiy  require- 
am  plains.  ments  as  to  head  of  water  gained  by  distance  on  a  gentle 

rise,  combined  with  a  yery  large  reception  edge.  The  CorteUiar  plain  is  also 
joined  in  a  remarkable  way  with  that  of  the  Palar  river  at  a  point  above  where 
the  latter  has  a  clear  channel  through  the  gneiss^  and  it  is  not  at  all  improbable 
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that  there  is  at  this  high  level  barrier  a  take-o£E  of  the  Palar  waters  into  the 
Cortelliar  basin.  There  is,  of  course,  first  the  chance  that  the  permeable  beds  of 
the  Cortelliar  may  not  stretch  downward  to  and  under  Madras  ;  but  this  ia  hardly 
to  be  expected,  after  what  is  known  of  the  tailing-up  of  the  water-bearing 
strata  of  Pondicherry,  even  though  that  town  be  on  the  north  arm  of  its  plain, 
and  that  there  is  a  well-known  tendency  of  the  rivers  on  the  eastern  coast  to 
trend  up  to  the  northwards  in  their  alluyial  basins. 

There  are,  on  the  other  hand,  dangers  that  borings  may  meet  with   obstruo- 
Obstacles  in  the  way     ^ons  or  may  not  be  able  to  run  deep   enough  at  Madras 
of  an  irre^lar  bottom  to      itself,  though  it  is  possible  these  may  not   be  encountered 
be  expected.  ^^  ^  short  distance  west  or  north  of  the  city  :  indeed,    the 

chances  of  reaching  the  Cortelliar  beds  would  be  increased  the  further  north 
the  trials  were  made.  The  line  of  the  Palaveram  and  Mount  ridges  of  gneiss  may 
extend  for  some  distance  underneath  the  alluyiums  towards  the  town ;  in  any  case 
the  mere  rising  ground  itself  has  a  tendency  to  shelve  under  the  Adyar,  and  this 
floor  would  very  likely  come  within  the  range  of  shallow  borings.  Again,  it 
appears*  that  a  boring  was  many  years  ago  made  at  the  then  Inland  Customs 
House  at  Madras,  three-quarters  of  a  mile  from  the  sea,  to  the  depth  of  55  feei^ 
which  reached  the  crystalline  rocks.  The  obstacle  may  indeed  have  been  a  boulder 
of  those  rocks,  such  being  sometimes  met  with  in  the  alluvium,  but  the  likelihood 
is  that  it  was  a  sub-alluvial  extension  of  the  Mount  ridges. 
The  section*  in  this  boring  was  as  follows  : — 

Ft.     Ins. 
Sand  and  clay  ••••.••«.«80 

Light-coloured  sand  and  claj 10 

Stiff  clay , 3        6 

River  sand 5        6 

Black  claj  mixed  with  sand  and  shales 20        0 

Blue  clay  with  sand  and  lime  and  pieces  of  ironstone        ...      12        6 

Granite  and  quartz  rubble 0        6 

Claj  and  gravel  mixed  with  broken  granite,  quartz,  mica,  &c.  .90 

Total       .      65       0 

■  See  Manual  of  the  Qeology  of  India,  pt.  I,  p.  423. 
•  Newbold:  Joum.  Eoyal  As.  Soc.,  pt.  VIII,  p.  248. 
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No.  1426,  dated  7th  July  1879. 
Proreedingg  of  the  Government  of  MadraSf  Revenue  Department. 

TRANSLATION. 

Ertractfrom  the  **  Ifenitemr  Officiel  "  of  the  French  Settlements  in  India,  dated  Friday, 

the  4th  April  1879. 

Abtbsian  Wrlls, 

In  pnblishtBg  the  report  of  the  Colonial  Engineer,  President  of  the  Commission  on 
Artesian  Wells,  on  the  boring  operations  carried  on  in  the  Jardin  d'Acclimatation,  the 
Administration  desires  to  draw  attention  to  the  important  results  obtained,  and  to  the  hopes 
which  this  successful  experiment  should  give  rise  to  as  regards  the  interests  of  agriculture. 
It  is,  in  effect,  advisable  that  private  industry  taking  advantage  of  the  experience  acquired, 
should  apply  the  same  processes  to  borings  to  be  made  in  other  parts  of  the  territory. 

The  Administration  proposes,  moreover,  to  utilize  the  apparatus  which  the  Colonial 
Council  first  thought  of  getting  out  from  France,  on  works  for  which  sanction  will  be 
requested  from  the  Elective  Assemblies,  with  the  view  of  extending  these  boring  operations 
which  ue  more  productive  and  useful  in  this  Colony  than  anywhere  else. 

Enclosusb  No.  1. 

Report  on  the  Operations  of  Boring  an  Artesian    Well  in  the  Jardin  d*Acclimatation 

at  Pondicherry,  dated  Fondicherry,  24th  March  1879, 

J£ons,  V  Ordonnateur, — Conformably  to  your  communication.  No.  333  of  the  16th 
February  last,  I  have  the  honor  to  forward  a  fuU  report  on  the  operations  connected  with 
boring  an  artesian  well  in  the  Jardin  d'Acclimatation  at  Pondicherry. 

In  order  that  the  report  may  be  complete,  I  have  deemed  it  necessary  to  go  back  to  the 
formation  of  the  Commission  appointed  by  order  of  the  23rd  February  1877}  and  to  the 
commencement  of  the  operations  which  decided  the  Administration  to  enconrage  and  popu- 
larise an  advance  in  the  means  of  the  Colony,  and  of  which  the  results  ought  to  prove  most 
beneficial  to  agriculture  and  rural  requirements. 

Consequent  on  the  success  achieved  in  sinking  an  artesian  well  by  the  aid  of  the 
**  Savana"  Machine  as  carried  out  by  Mr.  Charles  Poulain,  Manager  of  Poulain's  Spinning 
Factory,  a  Commission  appointed  by  an  order  of  His  Excellency  the  Governor,  dated  23rd 
February  1877,  under  the  presidency  of  the  Colonial  Engineer  and  Chef  du  Service  of 
Roads  and  Bridges,  proposed  to  the  Administration  on  the  20th  of  June  of  the  same  year 
that  a  complete  set  of  machinery  for  boring  should  be  procured.  This  Commission  inti- 
mated their  preference  for  that  of  Messrs.  D^gous^e  and  Lippman  to  any  other,  and  sug- 
gested that  a  sum  of  1,200  francs  should  be  placed  at  the  disposal  of  Mr.  Charles  Poulain 
(who  found  himself  without  funds)  in  order  that  he  might  carry  on  his  work. 

The  machinery  arrived  in  the  Colony  on  the  4th  September  1878,  and  the  Commission, 
after  visiting  the-  Jardin  d'Acclimatation,  were  unanimously  of  opinion  that  the  well  ought 
to  be  sunk  in  the  centre  of  the  basin  in  that  garden,  that  situation  being  the  one  which 
offered  the  greatest  facility  for  irrigating  so  large  an  extent  of  ground  presuming  the 
probable  success  of  the  undertaking. 
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Afler  fitting  and  erecting  the  crane,  the  works  were  carried  on  under  the  eopenrision  and 
with  the  aBBistance  of  the  Depai'tment  of  Boade  and  Bridges.  First  of  all,  a  small  well  1*80 
metre  deep  was  dag  in  the  centre  of  the  hasin,  at  the  hottom  of  which  boring  was  began  on 
the  30th  October  1878,  commencing  with  tubes  of  a  diameter  of  '26  of  a  metre.  The  work 
which  on  this  date  has  reached  79m.  52c.  in  depth  has  passed  through  the  following  series  of 
geological  strata : — 

Tahle  of  Geological  Strata  of  the  Artesian  Well  bored  in  the  Jardin  d'Aeclimaiation  ai 

Pondicherry, 


0 
1 
2 
S 


DstM. 


30th  October  1878 

30th 

30th        „ 


if 


n 


Slst    October    and 
2nd  Nov.  1878. 

4th  November  1878 


6  5th,  6th,  7th,  8th, 
9th,  and  11th 
November  1878. 


Gteoloffical  Senta. 


6 


8 


10 

11 
12 

18 
14 
15 


12th  November  1878 


12th  and  Idth  Nov. 
1878. 

18th  November  1878 


18th 

14th 

14th 
14th 


II 


M 


»» 


t» 


II 


II 


» 


ff 


15th 
15th 
15th,  16th  Nov.  1878 


•I 


II 


II 


»i 


Natural  earth 

Sand  mixed  with  jellowish  clay 
Cla  J  mixed  with  clear  gray  sand 
Clear  gray  sandy  clay 

Coarse  bluish  sand  mixed  with 
small  gravel. 

Fine,  clear  gray  sand,  very  fluid 


Bluish  gray  sand  mixed  with 
small  gravel. 

Coarse  clear  gray  sond 


Coarse  bluish  sand  mixed  with 
small  gravel. 

Coarse  bluish  sand,  small  gravel, 
fragments  of    charcoal    and 
decayed  wood. 

Coarse  bluish  sand,  lumps  of 
plastic  black  clay  and  decayed 
wood. 

Very  fine  bluish  sand 

Coarse  blackish  sand  mixed  with 
black  clay. 

Black  clay  and  fine  sand 

Fine  sand  and  diluted  black  clay 

Coarse  sand  with  a  little  clay 
and  small  gravel. 


H. 

1-33 

0-75 

0-85 

1-40 

0-80 

1-87 

015 
0*25 
0*30 
0-35 


0-35 

015 
0-60 

2*69 
0-88 
040 


« 

11 


M. 

1-33 
2-08 
2*93 
4*33 

4-63 

6-00 

615 
6-40 
6-70 
705 

740 

7*55 
8*15 

10*74 
11-62 
12*02 


(m.  2*80)  water-level  of 

surrounding  wells. 
(8'60)  mean  sea-leveL 


(10-24)    first    rise    of 
water-levcL 
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Table  of  Geological  Strata  of  the  Artesian  Well  bored   in  the  Jar  din  d' Aeclimatation 

at  Pondickerry — contd. 


II 

Dates. 

Oeoloffical  Strata. 

TbicknesMS 
of  Strata. 

2.  •* 
GU 

SlMAIKS. 

M. 

M. 

16 

16th,  18th    „ 

Fine  sand  and  decayed  wood ... 

1-58 

13-60 

17 

18th,  19th,  20th,  and 
2l8t  Nov.  1878. 

Fine  pure  sand     ... 

2-20 

15-80 

18 

2l8t.    22nd,     28rd 
Novemher  1878. 

Close  black  clay  with  vegetable 
detritus. 

5-40 

21-20 

19 

23rd,  25th,  and  26th 
November  1878. 

Black  clay  mixed  with  fine  and 
moderate  sized  snnd. 

2-90 

2410 

20 

26tb  Norember  1878 

Black  clay  mixed  with  sand  and 
small  gravel. 

0-20 

24-30 

21 

26th  and  27th  Not. 
1878. 

Black  clay  mixed  with  moderate 
sized  sand. 

2*80 

27-10 

22 

27th  Novemher  1878 

Fine  sand  stained  with  clay  ... 

0-20 

27-30 

23 

27th  and  28th  Nov. 
187a 

Fine  grayish  sand  ... 

110 

28-40 

24 

28th  November  1878 

Hard   black   clay  mixed   with 
very  fine  sand. 

015 

28-55 

25 

28th  and  29th  Nov. 
1878. 

Moderate  sized  grayish  sand  ... 

215 

30-70 

26 

29th  November  1878 

Black  sandy  clay  ... 

015 

30-85 

27 

29th        „ 

Fine  gray  sand  ... 

0-55 

31-40 

28 

30th 

Black  sandy  clay  ... 

1-20 

32*60 

29 

80th        „            „ 

Fine  sand  mixed  with  clay     ... 

0*40 

3300 

80 

80th 

Fine  sand  and  lumps  of  sandy 
ciay  . .  1              ...                ... 

0-30 

33-30 

81 

SOth  November,  1st, 
2nd,  3rd,  4th  Dec. 
1878. 

Close  black  clay   mixed  with 
very  fine,  sand  and  quantities 
of  gray  limestone. 

6-70 

40'00 

82 

6th,  6th,   7th,  9th. 
10th,     and    11th 
Dec.  187a 

Black  plastic  clay  with  a  few 
fragments  of  shells. 

400 

4400 

• 

88 

11th  December  187S 

Compact  blflck  clay  mixed  with 
fluti  sand. 

075 

4t-75 

84 

11th,     12th,     18th 
Dec.  187a 

Black  clay  mixed  with  modertite 
sized  sand. 

3-30 

48-05 

85 

18th  and  14th  Dec. 
187a 

Fine  sand  and  dark  earthy  clay 

1-35 

49-40 
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Table  of  Geological  Strata  of  the  Artesian    Well  bored  in  the  Jardin  d'Acclimatatiow 

mi  Pondichefry — contd. 


s 


38 


41 


44 


45 


46 


47 


Dates. 


36 

14th,    16th.     17th, 
18th  Dec.  1878. 

87 

1 8th, 
Dec. 

19th, 
187a 

20th 

Geological  Strata. 


20th,  21  Bt  Dec. 
1878,  und  2nd 
January  1879. 


39  I  3rd  January  1879.. 


40     3rd,    4th    January 
1879. 


4th,  6th,   7th.    8th 
January  1879. 


42       9th  January  1879. 


43     10th 


10th 


tt 


If 


11th 


») 


»> 


»» 


11th.     13th,    14th, 
15th  January  1879. 

15th,     16th.    17th, 
18th,   20th,   2l8t,  i 
22nd,  23rd,  24th,  < 
25th,    27th.     and 
28th  January  1879. 

29th,30th,3l8t  Ja- 
nuary 1879. 


Fine  sand,  earthy  cky  less  dark 


Coarse  clayey  sand  mixed  with 
small  gravel,  conglomerates 
and  ferruginous  sandstones. 

Coarse  pure  sand  (same  mft- 
terials  as  ahove). 


Coarse  whitish  snnd  mixed  with 
small  gravel,  very  white  clay 
and  ferruginous  sandstones. 

» 

White  sandy  clay 


White  sand  mixed  with  small 
gravel,  ferruginous  sand- 
stones, fragments  of  white 
clay. 

Grayish    sand,     small    gravel, 
white  friable  sandstone,  quart- 
zo-metallic  conglomerates  and 
ferruginous  sandstones. 

Blackish  sand  (same  materials 
without  the  gravel). 

Coarse  sand  and  quartzo-metal- 
lie  conglomerates. 

Grayish  sand,  small  gravel,  me- 
tallic conglomerates  and  de- 
cayed wood. 

Gray  sand,  grits  and  metallic 
conglomerates. 

Coarse  sand,  sand,  small  gravel, 
decayed  wood,  fragments  of 
white  and  gray  clay  and  me- 
tallic conglomerates. 


48 


49     Ist.    3rd   February 
1879. 


I 


i 


M. 
5-30 

200 


2-50 


0-90 


ai5 


6-79 


0-56 


0-80 


0-60 


0-70 


0-50 


2-40 


Fine  black  and  gray  sand,  frag- 
ments of  clay,  decayed  wood 
and  vegetable  detritus. 


It 

0U 


M. 

W-70 

5670 

59*20 

60-10 

60-25 
66-04 


66-60 


67-40 


67-90 


68-60 


6910 


71-50 


Very  fine  and  pure  gray  sand...  I    0  90  I  72  40 


1-20  ,  7360 


BlMAaKS. 


(56*50)  Ist  gushing- 
out  of  water.  The  in- 
terval of  time  between 
the     21st     December 

1878  and  2nd  January 

1879  was  employed  in 
dearing  away  the 
sand  in  order  to  ol>- 
tain  a  larger  di»- 
charge. 


(68*85)  2nd  gush. 


(73  60)  3rd  gush. 
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Table  of  Geological  Strata  of  the  Artesian   Well  bored  in   the  Jar  din  d' Acelimataiion 

at  Pondicherry — coucld. 


POO 

Dates. 

Geological  Strata. 

Thicknesses 
of  Strata. 

Progressive 
Depths. 

1 

BSMABKS. 

M. 

M. 

50 

3rd.  4th,   5th,  6th. 
and  7th  February 
1879. 

A   moderate  sized  sand,  grits, 
small  grarel,  decayed    wood 
and  iron  ore. 

4-20 

77-80 

51 

7th,  8th,  10th,  11th, 
and  12th  Febmary 
1879. 

Moderately  gray  sand,  lumps  of 
clay,  grits,   small  gravel,  de- 
cayed wood  and  iron  ore. 

060 

78-40 

(79-84)  4th  gush. 

52 

12th,     ISth,    14th, 
and  15th  Febroarv 
1879. 

Moderately   gn^ay   sand,    grits, 
decayed   wood,   small    gravel 
and  iron  ore. 

112 

79-62 

1 

1 

Drawn  up  by  the  Colonial  Engineer,  Chef  du  Service  of  Roads  and  Bridges. 


The  24th  March  1879. 


A.  CARRIOL, 

Pondieherry, 


On  the  15th  November,  afler  thirteen  days  of  work,  a  rise  of  water-level  was  found  at  a 
depth  of  10*74  metres.  The  water-level,  which  was  originally  2*80  metres  below  the  level  of 
the  soil,  rose  to  1*27  metres.  The  water  was  of  the  same  character  as  that  of  surrounding 
frelb,  the  water-level  of  which  remained  stationary  at  2'80  metres. 

These  first  10*74  metres  (which  gave  a  mean  depth  sunk  of  '82  of  a  metre  per  diem  of 
ten  honrs  of  actual  work)  consisted  of  alternate  layers  of  ordinary  gravel  mixed  with  clay, 
fine  and  very  fluid  sand,  lumps  of  black  plastic  clay,  bits  of  decayed  wood,  and  of  coarse 
blackish  sand  mixed  with  black  clay,  and  were  bored  either  by  a  rotating  auger  (tari^re),  or 
by  means  of  a  "  sonpape  k  boulet."  This  last  implement  produced  the  best  results,  especially 
in  quicksand,  during  the  whole  course  of  operations. 

From  the  16th  November  to  the  20th  December,  boring  continued  without  interruption  ; 
the  level  of  the  rising  water  rose  higher  and  higher;  from  1*27  metres,  which  it  had  when 
first  met  with,  it  rose  till  it  was  not  more  than  '95  of  a  metre  below  the  surface  of  the 
ground  on  the  18th.  It  remained  at  this  level  till  the  20th  December,  on  which  date  at  a 
depth  of  56*60  metres,  a  gush  of  water  was  encountered. 

This  outflow  showed  itself  on  the  night  of  the  19th.  The  temperature  of  the  water  was 
31^  centigrrade,  and  its  hydrostatic  level  rose  '55  of  a  metre  above  the  level  of  the  ground. 
During  the  boring,  the  water  rose  and  fell  intermittently,  varying  between  *4Q  and  '44  of  a 
metre.  This  was  the  result  of  the'continuance  of  the  operations.  On  the  21st  December, 
the  hydrostatic  level  rose  to  '99  of  a  metre  and  gave  a  discharge  of  140  litres  a  minute.  Work 
WM  carried  on  at  this  time  in  a  stratum  of  coarse  gravel  mixed  with  clay  and  small  gravel. 
The  water-level  remained  stationary  for  some  time ;  the  discharge  increased  considerably, 
rising  from  140  to  224  litres  between  the  21st  and  the  24th  December,  The  temperature  of 
the  water  waa  34^,  and  on  analysis  by  Mens.  Cazalis,  Ist  Class  Chemist  of  Marine,  showed 
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the  following  composition,  as  embodied  in  the  Prooeediogs   of  the  Commission  of  the  28th 
December  1878 : — 

Sulphate  of  lime  .        r        .        .        .  0,1050\ 

Carbonate  of  lime        .....  ^J  / 

Silica I  0  0210  f  Substances  precipitated  by 

Magnesia 1  I      soap  and  water. 

Iron  (traces  of)  ....        r        .  J  ) 

Chloride  of  soda 0.1800 


Total  0,3060 


These  proportions  not  constituting  a  perfectly  drinkable  water,  though  yery  useful  for 
watering  the  garden,  the  Commission  determined  to  carry  on  operations  to  a  greater  depth. 
The  tubing  was  accordingly  continued  with  pipes  of  the  same  diameter  as  at  the  beginning. 
From  the  30th  December,  under  the  impetus  given  to  the  works,  the  hydrostatic  level  com- 
menced to  fall,  and  in  consequence  the  discharge  (^  water  underwent  the  same  diminution. 
From  1*28  metres  which  it  had  attained,  there  was  not  more  than  1*005  of  a  metre  on  the  Slst 
December,  '83  on  the  4th  January  1879,  and  on  the  6th  (having  attained  a  depth  of  62*64 
metres),  the  level  was  *01  below  the  level  of  the  ground. 

From  the  6th  to  the  1 3th  January,  the  works  were  continued  and  pushed  on  to  68*7S 
metres.  On  the  13th,  a  second  gush  of  water  showed  itself,  which  rose  at  length  to  0'40of  a 
metre  above  the  ground,  but  the  piping  became  more  and  more  difficult.  A  deviation  of  *07 
of  a  metre  had  already  been  noticed  in  the  vertical  projection  of  the  column  which  caused 
friction  at  the  bottom  of  the  last  pipe,  the  soupape  k  boulet  continued  to  act,  but  the  results 
were  very  poor.  At  one  time,  every  effort  that  was  made,  could  not  overcome  the  resistance 
in  sinking  the  column  on  account  of  the  pressure  of  the  sand  against  the  sides.  The  situation 
was  serious  and  very  embarrassing.  It  was  seen,  moreover,  that  the  hoop  which  protected  the 
bottom  of  the  first  pipe  was  displaced,  and  that  the  "  trypan  "  of  the  "  soupape  "  struck  it  at 
every  stroke  and  brought  away  fragments  of  it.  It  was  necessary  to  use  repeatedly  the  laige 
trypan  which  entirely  detached  the  hoop  and  ground  it  into  small  pieces.  The  crane  which  was 
lifted  by  the  pressure  of  the  jackscrews  was  successively  charged  with  weights  varying  from 
1,920  kilos  to  6,070  kilos.  Notwithstanding  this  pressure,  the  resistance  was  still  great.  The 
"  soupape  h,  boulet "  continually  brought  up  the  debris  of  the  hoop  and  the  pipe  to  which  it 
was  rivetted  ;  the  work  of  boring  was  almost  at  a  standing,  and  the  crane  continued  to  rise. 
It  was  then  loaded  with  a  total  weight  of  19,290  kilos.  A  small  sounding  probe  was  lowered 
down  the  tube,  which  penetrated  to  a  depth  of  '66  of  a  metre  in  the  ground  and  brought  away 
traces  of  bluish  clay.  The  boring  was  then  at  68*81  metres,  which  showed  the  depth  sunk 
during  the  day  to  be  only  06  of  a  metre.  The  hydrostatic  level  which  rose  for  a  moment  to 
1*03  fell  to  0*96,  and,  on  the  16th  January,  whs  not  more  than  '26  of  a  metre  above  the 
ground.  It  rose  and  fell,  alternately,  from  *73  to  '69  of  a  metre,  and  eventually  fell  down  to 
*12  below  the  ground-level,  while  the  tubes  were  not  able  to  be  driven  in  more  than  '67  of  a 
metre  in  a  week. 

The  works  wei*e  proceeded  with  nevertheless,  but  the  results  were  very  poor.  We  were 
however,  on  the  point  of  overcoming  the  resistance  to  the  driving  in  of  the  pipe.  When  the 
column  had  passed  the  water-bearing  strata,  the  water  caused  an  opening  between  the 
exterior  of  the  pipes  and  the  ground  penetrated.  From  that  time  the  work  became  easier ; 
resistance  diminished,  and  the  "  soupape  "  having  reached  the  coarse  sand,  operations  became 
a  great  deal  more  satisfactory. 

On  the  3rd  February,  there  was  a  third  gush  of  water,   the  hydrostatic  level  of  which 
rose  to  *38  of  a  metre  above  the  level  of  the  ground.    The  boring  bad  then  reached  to  73'60 
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metres.  This  fr^sh  gush  of  water,  like  the  one  which  preceded  it,  made  the  sand  flow  back  from 
*^0of  a  metre  to  1*20  metres  into  the  interior  of  the  tube.  The  work  continued  by  means 
of  the  small  soupape  ^  boulet,  and  we  then  attained  a  depth  of  79*34  metres. 

At  length,  on  the  Idth  February,  after  penetrating  a  stratum  of  very  fine  sand  mixed 
with  grits  and  remains  of  decayed  wood,  the  hydrostatic  level  which  had  remained  at  about 
the  level  of  the  ground  rose  to  *52  of  a  metre,  and  continued  under  the  impetus  given  to  the 
work  to  rise  gradually  to  1'48  metres  in  twenty-nine  days.  This  is  the  jet  we  now  have. 
The  water  is  very  clear,  does  not  taste  bad,  and  boils  vegetables  perfectly.  It  marks  98  on  the 
hydrometer.     Its  temperature  is  d4'''30'. 

The  discharge  of  water  was,  on  the  13th  Febmaiy,  at  10  a.m.,  140  litres ;  in  the  evening 
it  was  268  litres ;  and  to-day,  the  20th  March,  it  has  reached  to  666  litres  a  minute — a 
quantity  move  than  sufficient  to  irrigate  the  Jardin  d'Acclimatation.  After  several  attempts 
to  extract  the  bottom  of  the  pipe,  it  was  discovered  that  the  force  of  the  rising  water  brought 
up  sand  to  the  surface,  and  that  the  detachment  had  been  effected  spontaneously.  The  boring 
has  reached  to  79*62  metres.  It  took  89  days  of  10  hours  each  of  actual  work.  -  This  gave 
an  average  per  diem  of  ^|^  =  *89  daily. 

The  following  have  been  the  general  expenses : — 


F.       c.        F.      c. 

Construction  of  the  crane 1903*62 

Transport  and  setting  up,  &c 662*03 

Value  of  80m  of  pipes 234000 

Expenses  of  packing,  freight  and  insurance  .  1080*00 

Hire  for  driving  in  the  pipes        ....  1630*12        1630*12 


} 
} 


2570*65 
3420-00 


Total    .  7620*67 

2670*65 


6060*12 


If  from  this  sum  the  cost  of  the  crane  be  deducted,  which  was  Fr.  2670*56,  the  real  cost 

of  the  well  will  be  only  6060- 12. 

5050*12 
This  makes  the  cost  of  each  running  metre  in  boring  =63f.  60c. 

This  expenditure  is  really  very  small  when  we  take  into  consideration  the  dreadful 
famine  which  raged  through  this  country  in  1877  and  1878  in  consequence  of  want  of  water. 

One  can  now  assert  with  certainty  after  the  success  achieved  in  boring  three  wells  within 
a  radius  of  about  800  metres  of  each  other,  and  at  depths  varying  from  38*53  to  79*62 
metres,  that  if  the  calamities  which  famines  involve  on  the  Coromandel  Coast  are  not  com- 
pletely overcome,  their  disastrous  consequences  can  be  considerably  mitigated  by  sinking  arte- 
sian wells. 

•  ••••• 

This  being  the  first  attempt  at  boring  to  such  a  great  depth  in  this  country,  I  have  thought 
that,  from  a  scientific  point  of  view,  it  would  be  useful  to  have  in  France  a  complete  collec- 
tion of  geological  specimens  of  the  strata  penetrated.  With  this  Tiew,  I  have  caused  a 
case  contsdning  an  extract  from  the  register  of  borings  with  all  the  specimens  and  four 
bottles  of  the  water  now  issuing  from  the  well  to  be  deposited  in  the  Magasin  G^ndral, 
I  think  M.rOrdonateur  that  this  case  should  be  forwarded  to  His  Excellency  the  Minister 
of  Marine  and  Colonies,  who  would  probably  make  it  over  either  to  the  School  of  Boads  and 
Bridges  or  the  School  of  Mines. 

(Signed)        A.  CARBIOL, 

L'lng^nieur,  Colonial, 
Chief  du  Service  des  Points  et  Chansse^s. 
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Experiences  of  Mr,  C.  Poulain  in  the  boring  at  the  Savana  filature.  Extracted  fiwn 
**  Travaux  dee  Commissions  Locales,"  (Commissions  des  Puits  Ariesiens),  Pondt- 
cherry,  1877, 

L'otttillage,  dont  il  est  inutile  de  donner  le  detail  estoelai  employ^  pour  le  Bondage  k  la 
oorde  appel^  sondage  ehinois  avec  quelques  modifications  facilitant  le  travail  dans  les  terrains 
que  nous  avons  rencontres.  Nous  avons  employ^  pour  tuber  notre  trou  de  sonde  un  tnyau 
en  cuivre  rouge  de  14  centimHres  de  diam^tre  int^rienr  et  d'nne  ^paissenr  de  m^tal  de  Om 
003m/m.  La  longueur  de  chaque  tnyau  variait  de  2  m.  60  o.  a  3  metres.  Us  sont  r^uni^ 
Tun  4  I'autre  par  un  manchon  de  mSme  m^tal  et  de  m^me  ^paisseur  fix^  aa  moyen  des 
rivets. 

Un  puits  de  service  de  2  metres  de  profondeur  a  ^t^  crenel  et  un  4cha£aadage  compos 
de  2  bigues  et  1  traverse  a  remplac^  la  chdvre  qu'il  aurait  falln  construiiie. 

Tout  etant  pr^t,  le  sondage  a  commence  le  18  f^vrier;   nous  nous  sommes  servi  de  la 
i:uill^re  k  soupape  de  Jobard.    Nous  ^tions  dans  oette  couche  de  gros  sable  qui  eat  tr^- 
employes  dans  le  pays  pour  la  fabrication  du  mortier.    La  profondeur  ^tait  aloiB  de  4  metres, 
nous  avions  50  centimetres  de  bauteur  d'eau  dans  notre  tube  que  nous  desoendions  au  fur  et 
a  mesure  en  le  chargeant  de  gros  poids  de  fonte  et  lui  communiquant  k  force  de  bras  un 
mouvement  de  va-et-vient  au  moyen  d'un  tourne-2k-gauche  f orm^  de  2  pi^s  de  bois  a 
macboires  boulonn^es  fortement  sur  le  tnyau  de  tubage.    Le  travail  marcbait  lentement,  la 
quantity  de  sable  ramen6e  ^tant  tr^-faible.    Les  clapets  s'engageaient  souvent  quoique  nous 
ayons  eu  soln  de  garnir  la  cbami^re  de  ceuz-ci  d'un  tube  en  caoutchouc  au  centre  duquel 
passait  la  brocbe  servant  d'axe  k  ces  clapets.    De  plus,  T^crou  de  retenue  contre  lequel  il 
allait  faire  choqner  le  mouton  k  la  mont^e  pour  op^rer  la  fermeture  des  clapets,  se  d^t^ri 
orait.    Nous  fdmes  oblig^,  plusieurs  fois,  d'en  ra&ter  la  tdte.     Enfin,  I'dcrou   se  cassa,  lais 
sant  remonter  le  mouton  tandis  que  la  cnill^re  k  soupape  restait   au  fond  dn  trou.    Nous 
n'etions  alors  fort  beureusemcnt  qvi*k  6  metres  de  profondeur ;  ce  qui  permit  de  remener  fa- 
cilement  la  cuill^e  rest^e  au  fond.    Nous  travaillons  toigours  dans  la  m^me  oouche  de  sable 
m6\6  de  quelques  cailloux  roul^s,  les  uns  blancs  tels  que  ceux  que  Ton  trouve  au  grand-^tang 
es  autres  noirs,  temes  et  quelques-uns  ayant  un  reflet  rappelant  le  cbatoiement  de  ces  pier- 
res  connues  -sous  le  nom  d'ceil-de-cbat.    Nous  avons  ^galement  ramene  de  cotte  profondeur 
quelques  pierres  a  arrStes  vives,  nuUement  roul^es,   ressemblant  k  des  debris  de   basalte  et 
d*ampbybole.    Quelqnes-unes  avaient  une  apparence  verd&tre.    Nous  r^par&mes  la  cuill^re  a 
soupape,  mais  craignant  un  nonvel  accident,  nous  constmistmes  une  soupape  a  boulet  qui 
fonctionna  admirablement  jusqu'a  la  profondeur  de  7  m.  40  c.  ou  nous  rencontr&mes  une 
couche  d'argile  noire  m^I^e  de  m6me  sable  et  de  quelques  cailloux.    Au  bout  de  quelques 
coups  de  sonde,  nous  rameniraes  des  fragments  d'argile  noire  qui  formait  une  coucbe  com« 
pacte  a  en  juger  par  Teffort  qu'^taient  obliges  de  faire  nos  hommes  pour  d^gager  I'outil.    Le 
travail  marcba  raicore  lentement,  nous  ^tions  d^ja  au  13  f^vrier.    Nous  neramenions  a  chaque 
coup  de  sonde  que  de  fort  petites  quantites  d'argile  ;  nous  pensames  que  notre  outil  gSnd 
dans  sa  chute  par  une  bauteur  d'eau  de  pr^  de  4  metres,  n'avait  pas  asscz  de  poids.     Nous 
suspendtmes  alors,  au  moyen  d'un  assemblage  k  boulon   sur  les  tirants  de  la  soupape  a 
boulet,  un  cylindre  en  fer  de  6   centimetres  de  diamdtre  et  25  centimetres   de   longueur. 
L'outil  p<!>n6tra  alors  plus  profond^ment  dans  la  glaise  et  en  ramenait  fort  pen  encore. 
Nous  adapt4me6  alors  au  couteau  ciroulidre  de  la  soupape  k  boulet  le  couteau  en  croix  de 
Toutil  de  Collet  de  Reims,  ce  qui  eut  pour  resultat  de  diviser  cette  partie  du  cylindre  en 
quatre  compartiments  pr^sentant  chacun  une  surface  d'adh^rence  bien  sup^rieure  k  oei\e 
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cxistant  pr^c^demment.  Le  irarail  marcha  un  peu  plus  rapidement  et  le  niveau  de  1'  eau 
baissant  dans  le  tabe  a  chaqne  coup  de  sonde,  nous  arnvftmes  le  14  f^vrier  au  soir  a  7  m.  80 
o.  La  glaiae  devenait  plus  oompacte  et  ne  contenait  presque  pas  de  sable,  noas  y  remar* 
qu&mes  qnelques  paillettes  nacr^es,  ayant  k  peine  an  millimetre  carr^  de  surface.  II  nous 
vint  ensuite  des  debris  de  coquilles  nacr^es  tr^s-moUes  k  I'^at  huraide  se  feuilletant  sous 
I'angle.  Nous  rest&mes  dans  cette  coucbe  jusqu'  au  16  vers  midi ;  I'eau  avait  disparu  totale« 
ment  du  tube  dans  la  matinee,  ce  qai  indiquait  que  la  coucbe  de  glaise  ^tait  parfaitement  im- 
permeable. La  profondeur  atteinte  ^tait  de  10  metres  environ.  Dans  Tapr^s-midi,  Teati 
repamt  dans  le  tube,  nous  ^tions  alors  It  10  m.  28  c.  et  noas  retir4mes  du  fond  du  sable 
quartseax,  sonill^  d'argile  noire,  Apr^  qnelques  coups  de  sonde,  Targile  noire  reparait,  leau 
qui  etait  remont^e  dans  le  tube  jusqu'a  3  m.  60  c.  de  la  surfaoe,  rebabse  et  finit  par 
disparalire ;  nous  oontinuAmes  notres  forages  en  vereant  de  Teau  dans  notre  tube  et  ramenant 
toujours  de  la  glaise  noire  bien  plastique,  pure  de  tout  melange.  Nous  continu^mes  ainsi 
jusqu'  au  17  au  soir,  nous  etions  arriv^  a  la  profondeur  de  16  metres.  Le  tuyau  de  tubage 
descendait  difficilement  qnoique  nous  ayions  augments  les  poids  de  charge  dt  le  nombre  de 
DOS  bommes  agissant  sur  le  toume4i-gaucbe.  Notre  chef  sondeur  s'aperf  at  alors  qu'il  se 
prodnisait  dans  le  tube  un  bruit  ressemblant  h  la  chute  d'un  jet  d'eau  dans  le  fond.  II  ^tait 
presque  unit  close,  nous  arrMames  le  travail.  Le  lendemain  matin,  le  m^me  bruit  se  pro- 
dnisait, mais  le  soleil  ^tait  encore  k  Thorizon,  il  nous  ^tait  impossible  de  rien  distinguer  dans 
le  tube.    Nous  essayamee  k  manceuvrer  le  tourne-ik-gauche,  la  resistance  ^tait  grande  nous 

remarquftmes  que  le  bruit  de  jet  d'eau  aug^entait ;  nous  descendtmes  dans  le  tuyau  una 
lampe  allum^e,  placde  dans  un  petit  seau  qui  nous  avait  servi  a  prendre  des  echantillons  d'eau 
dans  lea  moments  de  repos. 

Nous  d^oouvrtmes  alors  une  fissure  qui  s'^tait  produite  a  la  soudure  d'un  des  joints  de 
notre  tuyau.  Nous  d^cidAmes  imm^diatement  qu'il  fallait  proc^der  au  lev  age  du  tube  pour 
en  faire  la  r^paiation :  apr^  des  efforts  ^normes  au  moyen  de  levier  ot  de  Jack  screw  le  tuyau 
c^da  et  vint  avec  facility ;  mab  une  longueur  de  11  metres  dtait  rest^e  dans  le  fond  du  trou  de 
sonde  et  son  extr^mite  sap^rieure  ^tait  h  5  metres  en  contrebas  du  sol.  Nous  fimes  aussitdt 
creusei  notre  puits  de  service  jusqu'au  niveau  de  la  premiere  coucbe  aquif^re  ;  au  moyen  de 
plongeurs,  nous  coulames  2  m.  10  c.  de  couronnes  en  terre  cuite,  notre  tuyau  se  trouva  ainst 
ddgag^  de  60  centimetres  du  fond  du  nouveau  puits.  Pour  faciliter  le  travail  des  forgerons 
qui  devaient  redresser  le  tuyau  et  y  placer  un  syst^me  d'arrachage,  nous  installames  deux 
pompes  k  incendie  du  modMe  de  la  ville  de  Paris.  Enfin,  le  28,  tout  le  mal  ^tait  r^par^, 
nous  avions  de  plus  vid^  le  tube  de  Bondage  qui  s'^tait  rempli  jusqu'au  fond  et  nous  etions 
redescendu  au  point  ou  Taccident  nous  avait  surpris.  Nous  sommes  toujours  dans  la 
mSme  couche  d'argile  noire  et  compacte,  I'eau  a  oompl^tement  disparu  le  28  k  midi  et  nous 
sommos  k  16m.  58c.  Vers  la  fin  de  la  joumee,  Teau  reparait  un  pen,  nous  esp^rons  que 
c'est  une  coucbe  de  sable,  nous  donnons  qnelques  coups  de  sonde,  nous  ramenons  toujours 
la  mdme  argile,  I'eau  cependant,  semble  monter  encore,  nous  en  sommes  inquiet,  nous  rap- 
pelant  notre  premier  accident.  Le  tube  est  dur  k  manceuvrer ;  nous  parvenons  toutefois 
A  le  descendre  de  qnelques  centimetres  en  donnant  un  l^ger  mouvement  de  va-et-vient;  un 
dernier  coup  de  sonde  nous  donne  un  peu  de  sable  melange  a  I'argile.  II  etait  presque 
nuit,  on  arr^te  le  travail.  Quel  ne  fut  pas  notre  etonnement  le  1*'  mara  au  matin,  de 
trouver  notre  tube  plein  et  d^bordant  l^g^rement  h,  uue  hauteur  de  1  metre  en  contre-bas 
du  sol !  L'ecoulement  est  tres-faible  et  u'est  appreciable  que  lorsqu  '  on  est  pr^s  du  tube 
nous  arrdt&mes  alors  la  descente  du  tube  et  nous  flmes  sender  jusqu'au  soir  en  travaillant 
au-dessous  de  celui-ci.  L'outil  m^me  se  prenait  quelquefois,  en  remontant,  au  rebord  in- 
ferieur  du  tuyau.  Toute  cette  joumee,  nous  avons  ramene  taut6t  de  I'argile  pure,  tant^t 
de  Targile  meiee  de  sable  gros  et  fin.  L'ecoulement  de  I'eau,  dans  les  moments  de  repos, 
continue,  il  augmente  Ugdrement  &  mesure  que  le  travail  avance ;  le  2  au  matin,  le  tube 
at  plein   et  de  verse    un  filet  encore  tr^s-ioince  k  un  m^tre  au-dessous  du  niveau  du  sol. 
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du  sol,  soit  10  centimetres  de  plus  que  pr^c^demment.    Nous  attribuonB  cette  difference  a  ce 
que  notre  tuyau  ^tait  plus  ^tanche,  ayant  pris  pour  le  nouveau  sondage  la  precaution  do 
Bouder  a  retain  tons  nos  joints  de  tuyau  riv^s.    Nous  avons  continue  le  fon^age  dans  oes 
sables  et  nous  avons  comme  pr^c^demment  tronv^  a  27  metres  de  profondeur  une  couche  de 
glaise  que  nous  avons  travers^e.     Son  ^paisseur  est  de  6  metres  environ.    La  sonde  a  ren- 
contre ensuite,  c'est-k-dire  ^  33  metres  de  profondeur,  une  couche  de  sable  gris,  d  une  finesse 
extreme,  fluide  et  mSme  visqneux,  qui  a  mont^  rapidement  d'un  m^tre  dans  le  tuyau  de 
retenue  et  a  engag^  une  premiere  fois  notre  soupape  ^  boulet  que  nous  avons  retiree  avec 
grande  peine  en  nous  servant  de  la  traction  produite  par  un  treuil  double.    L'eau  qui  jusque- 
la  s'etait  maintenue  a  une  assez  grande  profondeur,  montajusqu'au  niveau  du  sol:  c'^tait 
une  nouvelle  nappe  qui  se  faisait  jour.    Apr^  quelques  coups  de  sonnette,  notre  ontil  a  p^- 
n^tr^  plus  prof  ondement  et  une  pouss^e  sabite  de  1  m^tre  60  de  sable  se  produisant  dans  le 
tuyan,  la  soupape  s'est  trouvde  tr^s-fortement  engag^e  et  a  r^sist^  auz  tractions  les  plus 
puissantes  que  nous  ayons  pu  ezercer.    Nous  introduisSmes  alors  une  soupape  a  boulet  d'un 
plus  petit  modMe,  n'ayant  que  0  m^tre  06  cent,  de  diam^tre  et  qui,  pouvant  fonctionner  dans 
I'intervalle  laiss^  libre  par  le  cfible  de  la  grande  soupape,  nous  permit  de  ramener  pen  ^  pea 
un  volume  de  sable  Equivalent  a  50  centimetres  de  hauteur  dans  le  tuyau.    C'est  le  plomb  de 
sonde  qui  nous  a  f  oumi  cette  donn^e.    Nous  nous  apper9umes  alors  que  le  oouteau  circuMze 
de  cette  petite  soupape  entamait  notre  c&ble  an  fond  et  en  ramenait  des  fragments  a  T^tat  de 
filaments  deiay^s  dans  la  masse  du  sable.     Nous  construisimes  a  la  h&te  avec  un  bout  de 
tuyau  une  soupape  ^  clapet  de  plus  petite  dimension  encore,   soit  0  m^tre  0  4  cent,  de 
diam^tre,  munie  d'un  couteau  circulaire  en  bois  et  d'un  olapet  de  cuir  chargE  d'une  plaque  de 
plomb.    Nous  ramen^mes  fort  pen  de  sable  et  il  contenait  totgours  des  filaments  de  chanvre^ 
Pensant  que  oes  filaments  provenaient  de  TopEration  pr^cedente,  nous  persist&mes  li  nous 
servir  de  ce  nouvel  outil.    Apr^s  vingt  heures  de  travail,  les  filaments  venaient  toujours  et 
en  grande  abondance.    Craignant  de  d^teriorer  notre  c&ble,  nous  renon9&meB  done  2i  oe 
moyen  de  d^gager  notre  outil. 

Nous  fimes  -  alors  descendre  dans  la  colonne  de  retenue,  \k  32  metres  de  profondeur  !• 
tnyau  en  toile,  armE  de  sa  lance,  d'une  de  nos  pompes  "k  inoendie,  au  moyen  de  laquelle  nous 
injectftmes  vivement  au  fond  du  sondage  une  forte  quantity  d'eau  qui  produisit  nn  oourant 
ascensionnel  ayant  assez  de  vitesse  pour  ramener  de  cette  profondeur  une  grande  quantite  de 
sable  fin.    Au  bout  d'une  heure,  nous  jet&mes  le  plomb  de  sonde  qui  accusa  une  profondeur 
de  33  mHres  60.    Nous  soulevAmes  alors  de  30  centimetres  notre  tuyau  de  retenue  en  faisant 
agir  en  sens  contraire  notre  presse  a  vis  et  le  tuyau  monta  sans  efibrt.    En  m^me  temps  un 
homme  imprimait  au  c&ble  des  mouvements  de  torsion  et  de  fouet,  Toutil  se  trouva  d^gagE. 
Le  o&ble  n'a  EprouvE  qu'un  pen  d'^raillement  dans  une  partie;  les  filaments  provenaient 
principalement  de  rextr^mite  libre  de  Tattache..  Get  accident  nous  a  mis  aux  prises  avec  I'un 
des  cas  les  plus  communs  dans  les  terrains  Eboulants  et  fluides  du  genre  de  ceux  que  nous 
traversons.    L'eau  se  maintient  a  90  centimetres  au-dessus  du  sol,  et  a  ce  point  elle  ne  donne 
pas  d'Econlement.    Nous  avons  go'ftte  Teau  de  cette  derniere  nappe,  elle  nous  a  para  bonne. 

Cette  couche  de  sable  n'a  qu'un  metre  d'Epaisseur ;  elle  ne  pouvait  done  nous  foumir  nn 
^coulement  important.  Nous  trouv&mes  ensuite  une  nouvelle  couche  de  glaise,  toujours  de 
la  m^e  nature  que  les  pr^cedentes  c'est-^dire  noire,  plastique,  compacte.  Quelques  rares 
cailloux  noirs  et  schisteux  comme  pr^cedemment  ont  6te  aussi  ramen^s  par  la  sonde.  Le 
niveau  de  l'eau  s'est  abaissE  dans  la  colonne  de  retenue  aussitdt  que  celle-ci  a  p^netre  dans  la 
glaise.  L'^paisseur  de  celle-ci  n'est  que  de  2  metres  environ ;  il  nous  est  vena  ensuite  da 
sable  siliceux,  li  gros  grains,  souilld  d'un  pen  de  glaise ;  nous  sommes  ii  86  metres  60  de 
profondeur  et  l'eau  se  tient  h.  I  metre  en  contrebas  du  sol  au  moment  ou  nous  terminons  cette 
note. 

C.  POULAIN. 
Pondich6ry,  le  20  Juillet  1877. 
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Le  dernier  oompte-renda  de  noa  essais  a'arrdiait  ^  la  profondeur  de  36  metres ;  noua 
^tioQs  alors  dans  dea  sables  a  gros  grains  souill^s  de  glaise.  A  37  metres,  nous  trouvftmea 
nne  argile  moins  noire  que  celles  reneontr^es  pr^cddemment,  s^he  et  contenant  des  grains 
de  concretions  calcaires  variant  de  1  a  5  millimetres  cubes  et  d'autres  un  peu  plus  gros. 
Cette  couche  d'argile  contenant  parfois  un  peu  de  sable,  tant6t  mSl^  dans  la  masse,  tant6t 
par  bandes  minces,  a  continue  jusqu'lir  45  metres,  soit  done  8  metres  d'^paisseur  pour  cette 
couche  impermeable.  Notre  sonde  ramena  ensuite  de  la  mSme  glaise  mdl^e  de  caillouz  roul^s, 
la  plupart,  de  la  grosseur  d'un  pois,  les  uns  blanos,  les  autres  noirs,  d'autres  un  peu  plus 
gros.  Puis,  I'argile  disparut  et  il  nouB  vint  de  gros  sables  avec  les  m^mes  oailloux  dont 
quelques-nns,  de  quarts  bien  pur  et  byalin  tels  que  ceux  que  Ton  trouve  an  Qrand-etaog  dana 
le  Savin  des  chauveS'Soiiris  et  aiileurs  et  que  quelques  personnos  out  fait  tailler  et  monter  en 
bijoux ;  k  cette  profondeur,  I'eau  a  atteint  pr^  d'un  mkre  audessus  du  sol  et  a  d^vers^ 
l^g^rement  quelques  minutes  seulement,  pendant  le  travail,  puis  est  redesoendue  a  70  cen- 
timetres plus  bas, 

A  46  metres  les  cailloux  deviennent  plus  rares,  le  gros  sable  est  mdl^  de  sable  fin,  gris^ 
fluid ,  du  genre  de  oelui  rencontr^  pr^c^demment  k  33  metres.  Le  tittvaile  devient  tr^s- 
lent  quoique  nous  nous  servions  d'un  treuil  simple  pour  la  descente  et  la  mont^e  de  notre 
outU.  L'eiasticite  de  la  oorde  au  gmentant  avec  sa  longueur  (46  metres)  rend  la  manoeuvre 
moins  precise  et  plus  p^nible.  Le  tnyau  descend  difficilement;  nous  sommes  sou  vent 
oblige  de  le  soulever  pour  le  descendre  ensuite.  A  mesure  que  nous  penetrons  dans  cette 
couche,  les  cailloux  deviennent  de  plus  en  plus  rares ;  les  grains  de  sable  sont  tr^s-gros  et 
presqu'entierement  composes  de  debris  de  quartz  hyalin  de  2  a  3  millimetres  cubes  de  volume 
environ.  L'eau,  pendant  les  moments  d'arrSt,  monte  tres-lentement  et  a'arrdte  k  30 
centimetres  au-dessus  du  soL  Nous  etions  k  la  profondeur  de  46m  60c  lorsque  la  sonde 
nous  ramena  quelques  petits  debris  d'argile  blanche,  en  partie  delayes  dana  I'eau ;  nous 
pdmes  cependant  en  trouver  un  de  la  grosseur  d'une  noisette  qui  nous  a  permisd'en 
examiner  les  cafaoteres  qui  sont  les  suivants :  elle  ne  fait  pas  effervescence  avec  les  aoides, 
bappe  f  ortement  a  la  langue  et  prend  un  poli  admirable  sous  le  firottement  de  Tongle,  c'est 
du  kaolin.  Les  cailloux  de  quartz  et  les  quelques  debris  d'argile  indiquent  que  I'alluvion 
les  a  enleves  aux  terrains  tei-tiaires. 

A  47  metres,  le  grain  du  sable  est  moins  gros  que  pi-ecedemment,  U  ne  contient 
presque  plus  de  cailloux  rouies ;  k  48  metres,  le  sable  de  riviere  est  un  peu  mSie  de 
sable  fin  ressemblant  au  sable  de  mer,  il  vient  encore  quelques  fragments  d'argile  blan- 
che. Puis  les  sables  alternent,  tant6t  fins,  tant6t  gros  ;  nous  y  remarquons  des  debris 
d'ar^le  calcinee  noir&tre  et  des  fragments  ressemblant  k  la  brique  du  pays ;  nous  hesitiona 
cependant  encore  k  croire  k  la  presence  de  briques  lorsque  la  sonde  nous  ramena  de  petits  tessons 
de  poterie  commune  ;  (nous  donnons  ce  dernier  renseignement  sous  tonte  reserve,  car  il 
pent  se  faire  qu'ils  aient  ete  projetes  du  sol.)  Nous  etions  alors  a  49m  90,  I'eau  se 
tenait  k  50  centimetres  au-dessus  du  niveau  du  sol  quand  tout-2i-coup,  k  la  suite  d'un 
coup  de  sonde,  elle  monta  tres-rapidement  et  de  versa  au-dessus  du  tube  de  retenue  dont 
Torifice  etait  k  pres  d'un  metre  au-dessus  du  niveau  du  sol.  Nous  ftmes  suspendre  le 
Bondage  dans  le  but  de  ne  pas  contrarier  cette  nouvelle  nappe  qui  semblait  se  fairo  jour 
esperant  qu'elle  deviendrait  spontanement  abondante.  Nous  remarqu^mes,  pendant  I'ecoule- 
ment  qui  dura  environ  6k  6  minutes  et  que  nous  estimons  superieur  k  10  litres  par  minute, 
que  I'eau  avait  un  mouvement  altematif  de  montee  et  de  descente  dans  le  tuyau  :  quand 
recoulement  oessa,  I'eau  baissa  rapidement.  Nous  fimes  alors  donner  un  coup  de  sonde  qui 
ramena  du  gros  sable  m&[4  de  boulettes  d'argile  noire  de  la  grosseur  d'un  pois,  puis  toujours 
du  sable  tant6t  fin,  tan  tot  k  gros  grains  et  par  fois  les  deux  sables  melanges,  souilies 
d'un  pen  d'argile  noire  delayee. 

A  5I  metreS;  la  sonde  nous  ramena  des  debris  de  psammitc  friable  ct  teintee  par  de  I'argile 
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ocreuse,  janne  efc  mdl^s  de  sables,  de  oailloaz  roul^s  et  de  qnelqnes  parcelles  de  calcure 
dur  d'an  blanc  gris&tre.  L'argile  ocreuse  janne  teinte  les  sables  et  Tean  qni  est  forte- 
ment  jann&tre.  A  oe  moment,  le  travail  cesse  d'avancer  en  profondenr  qnoique  la  sonpape 
revienne  chaqne  fois  entitlement  pleine  de  sable.  Celni-ci  monte  dans  le  tnyan  dont 
la  longnenr  totale  est  de  62m  68  et  le  plomb  de  sonde  n  j  accuse  qn'nne  profondenr 
de  5lm  75.  Ces  sables  semblaient  in^poisables ;  apr^  denx  jours  entiers  de  travail,  nou« 
^tions  toujonrs  an  mdme  point;  enfin  le  troisi^me  jour  la  pouss^e  du  sable  s'arrSta  et 
'oatil  put  desoendre  h,  la  profondenr  de  52m  68,  L'eau  monta  au  fur  el  &  mesure  que 
nous  degagions  les  sables  et  eUe  d^ versa  an-dessus  de  notre  tube  par  tons  les  trons 
de  rivet  aveo  une  certaine  force;  I'extr^mit^  snp^rieure  de  notre  tujau  ^tait  alors 
de  niveau  avec  le  sol  environnant.  Un  petit  accident  arriv^  ^  notre  sonpape  h 
boulet  nous  obligea  de  suspondre  pour  deux  heures  notre  travail.  L'eau  coula  et  sembla 
augmenter  un  peu  et  de  jaun&tre  qu'elle  ^tait,  elle  devint  assez  limpide*  La  sonpape 
^tant  r^par^,  nous  continu&mes  k  d^gager  et  il  nous  vint  deux  on  trois  fois  dn  sable 
&  gros  grains  noiratres,  puis  des  debris  de  gr^  ferrugineuz  (psammites)  de  couleur 
brun-fonc^,  moins  friable  que  pr^c^demment,  mM^s  dans  la  masse  de  sable  blanc  i^ 
gros  grains  l^g^rement  souill^  d'argile  ocreuse  jaune.  L'eau  augmenta  sensiblement  pen- 
dant le  travail  que  nous  arrStAmes  k  6  beures  du  soir ;  elle  coula  toute  la  nuit  suivante  et  le 
matin  elle  se  trouva  d'une  limpidity  parfaite.  Nous  recueillimes  le  produit  de  cette  source 
dans  un  vase  jaug6,  nous  trouv&mes  que  le  d^bit  ^tait  de  48  litres  par  minute.  (10  Septem- 
bre  1877,  8  b.  matin.) 

Voici  les  remarques  que  nous  faisons  sur  l'eau,  elle  est  bonne  au  goi^t,  sauf  une  saveor 
m^tallique  tr^-l^^re  qui  tend  2i  diminuer  au  fur  et  ^  mesure  de  I'^ulement ;  le  nitrate- 
d'argent  y  produit  un  l^ger  nuage  opalin  et  le  tannin  n'y  donne  auoune  coloration.     La  tem- 
perature de  l'eau  2b  I'orifice  du  sondage  est  de  33  degree  centigrades.     Le  point  de  d^verse^ 
ment  actnel  est  de  80  centim^res  au-dessus  du  niveau  du  sol  environnant. 

Nous  continuous  ^  ddgager  le  fond  du  trou  de  sonde  dans  I'espoir  que  le  d^it  augmen* 
tera  et  nous  avons  fiz^  noire  tujau  pour  I'emp^cber  de  descendre  plus  bas. 

Une  seconde  experience  faite  dans  la  m^me  journee  accusa  un  d^bit  be  66  litres  par 
minute.  Le  lendemain  (11  Septembre)  k  8  heures  du  matin,  le  debit  est  de  90  litres  par 
minute  au  moment  oii  nous  terminons  cette  note ;  nous  conservons  I'espoir  d'une  nouvelle 
augmentation. 

C.  POULAIN. 

Fondicbeiy,  le  11  Septembre  1877. 
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Botanist  to  the  Kurum  FUld  Force^ 
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ADDITIONS  TO  THE  LIBRARY. 

Fbom  1st  Jakitabt  to  31st  Mabch  1880. 
TitUi  of  Boohi,  Dofiors. 

AbhaDcUangen  zur  Geologiscben  Specialkarte  von  Elsass-LotHringen,  Band  I,  pts.  1-4,  and 
II,  pt.  1,  with  Atlas  (1877  and  1879),  8ro,  Strasbourg. 

Tab  STBASBTTBa  Unitbbsitt. 

Abstracts  of  tbe  Reports  of  the  Surreys  and  of  other  Geographical  Operations  in  India  for 
1877-78  (1879),  8vo,  London. 

India  Officb. 
Ball,  Y. — Jangle  Life  in  India  (1880),  8vo,  London. 

V.  Ball,  Esq. 

GABBiNQTOir,  R.  0. — List  of  Light-honsea  and  Light-veseels  in  British  India  on  1st 
Pebmary  1880  (1880),  8vo,  Galcntta. 

Thb  Mabivb  Subybt. 

Dai7Bb£b,  M.  A.— Description  Geologiqne  et  Min^ralogique  da  d^partement  da  Bas-Rhin 
(1862),  8to,  Strasboarg. 

The  Stbasbubq  Uniybbbitt. 

Davibs,  D.  C. — ^A  Treatise  on  Metalliferous  Minerals  and  Mining  (1880),  8to,  London. 
Encyclop®dia  Britannica,  Vol.  X,  9th  Edition  (1879),  4to,  London. 
FoBBBS,  Duncan.— >A  Dictionary  of  the  Hiadastani  Language  (1859),  8ro,  London. 
Fbionbt,  M.  E. — Du  Ph^uom^ne  Erratique  en  Tyrol,  et  particali^rement  dans  la  yall^  de 
Linn  (1846),  8vo,  Strasboarg. 

Thb  Stbasbubo  Uniybbsitt* 

Galloway,  Robbbt. — A  Treatise  on  Fuel  (1880),  8vo,  London. 

Gbbbn,  a.  H. — Geology  for  Students  and  General  Readers,  2nd  Edition  (1877),  8tro,  Londont 

Johnstonb,  Jambs  F.  W.,  and  Cambbon,  C.  A.--  Catechism  of  Agricultural  Chemistry  and 

Geology  (1879),  8vo,  London. 
JoBDAN,  Jambs  B. — A  geological  section  shewing  the  order  of  superposition,  &o.,  in  the 

British  Islands  (1879),  8yo,  London. 
Lbfsiub,  R. — Beitrage  zur  kenntniss  der  Jnraformation    im  Unter-Elsass  (1875),  8yo, 

Leipzig. 

Thb  Stbasbubo  Uniybbsitt, 

Lyman,  Bbnjamin  Smith.— Reports  of  Progress  of  the  Geological  Survey  of  Japan  for 
1878-79  (1879),  8vo,  Tookei. 

P.  W.  Dbpabtmbnt,  Japan. 

Mabkham,  C.  R. — Narratives  of  the  Mission  of  George  Bogle  to  Tibet,  and  of  the  journey 
of  Thomas  Manning  to  Lhasa,  2nd  Edition  (1879),  8vo,  London. 

MooBB,  F.,  and  Hewitson,  W.  C— DeRcriptions  of  new  Indian  Lepidopterous  Insects  from 
the  collection  of  the  late  Mr.  W.  S.  Atkinson,  pt.  I,  1  colored  and  1  unoolored 
copy  (1879),  4to,  Calcutta. 

Thb  Asiatic  Socibtt  of  Bbnoal. 

MuBCHTSON,  R.  I.— Outline  of  the  Geology  of  the  neighbourhood  of  Cheltenhun  (1846), 
8vo,  London. 

R.  Lydbkkbb,  Esq. 
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Titles  of  Boohs.  Donors^ 

Nicholson,  H.  Allbtns.*— A  Manual  of  Palseoiitology,  Yob.  I  aad  II,  2nd  Edition  (1879), 

8yo,  London. 
NiCHOLsoir,  H.  ALLBTNE.^On  the  structare  and  affinities  of  the  Tabulate  Corala  of  the 

t^alsBOzoic  Period  (1879)>  8to,  London. 
ScHiHFBB,  W.  Ph.,  and  Zittbl,  Eabl  A.— Handbuch  der  Palseontologie,  Band  I,  lief  3, 

(1879),  8vo,  Munchen. 
Stanford's  Library  Map  of  the  World  on  Mercator*8  projection  (1879),  870,  London. 
Thomson,  Sib  Wm.,  and  Tait,  P.  G.— Treatise  on  Natural  Philosophy,  New  Sdition,  Vol.  I, 

pt.  1  (1879).  8vo,  Cambridge. 
tJ.  S.  Geological  Exploration  of  the  fortieth  parallel : 

Vol.  II.  Descriptive  Geology  by  Arnold  Hague  and  S.  F.  Emmons. 

Vol.  IV,  pts.  1  and  2.    PalaBontology   by  F.  B.  Meek,  James  Hall,  and  R.  P. 
Whitfield ;  pt.  3.    Ornithology  by  Robert  Ridgway  (1877),  4to»  Washington. 

C.  King,  Esq. 

PERIODICALS,  SERIALS,  <&c. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vols.  XVIII,  No.  108,  and  XIX,  No.  110 
(1879-80},  8vo,  New  Haven. 

Thb  Editobs. 

Annalen  der  Physik  und  Chemie,  New  Series,  Band  VIII,  heft  4»  ftnd  Band  IX,  heft  I  and  % 

(1879-80),  6vo,  Leipzig. 
Annales  dee  Mines,  7th  Series,  Vol.  XVI,  livr.  5  (1879),  8vo,  Paris. 

L'Adkinb.  DBS  Minis. 

Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  IV,  No.  24,  and  Vol.  V,  No.  27 

(1879-80),  8vo,  London. 
Athenseum,  Nos.  2720—2732  (1879-80),  4to,  London. 
Archiv  fiir  Naturgeschichte,  Jahrgang  XLV,  heft  4  (1879),   and  Jahrgang  XL VI,  heft   1 

(1880),  8vo,  Beriin. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  III,  No.  12,  and  Band  IV,  Nos.  1  and 

2  (1879-80),  8vo,  Leipzig. 
Biblioth^ue  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles,   3rd  Series,  Vol. 

II,  Nos.  11  and  12  (1879-80),  8vo,  Geneva. 
Bibliotb^que  Universelle  et  Revue  Suisse,  3rd  Series,  Vol.  IV,  Nos.  11  and  12,  and  Vol.  V, 

No.  1  (1879-80),  8vo,  Lausanne. 
Chemical  News,  Vd.  XL,  Nos.  1046—1049,  and  Vol.  XLI,  Nos.  1050—1058  (1879-80),   4to, 

London. 
Colliery  Guardian,  Vol.  XXXVm,   No.  988,  and  Vol.  XXXIX.  No.  1001  (1879-80),  foK, 

London. 
Das  Ausland,  Nos.  1—9  (1880),  8vo,  Stuttgart. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  No.  12,  and  Vol.  VII,  Nos.  1 — ^3, 

(1879-80),  8vo,  London. 
Iron,  New  Series,  Vol.  XIV,  No.  361,  and  Vol.  XV,  No.  373  (1879-80),  fol.,  London. 
Journal  de  Concbyliologie,  3rd  Series,  Vol.  XIX,  No.  4  (1879),  8vo,  Paris. 
Journal  of  Science,  3rd  Series,  Vol.  I,  No.  72,  and  Vol.  II,  No.  76  (1879-80),  8ro,  London, 
liondon,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 

Vol.  Vlll,  No.  51,  and  Vol.  IX,  No.  55  (1879-80),  8vo,  London. 
Mining  Journal,  with  Supplement,  Vol.  XLIX,  No.  2311,  and  Vol.  L,  No.  2323  (1879-80),  fol., 

London. 
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TitUs  ^  Books.  Doners. 

NatuEie  Noyitat66»  Nos.  23—25  (1879),  Sto,  Berlin. 

Natare,  Vol.  XXI,  No».  528—540  (1879-80),  4to,  London. 

Neaea  Jahrbach  fiir  Mineralogies  Geologie,  and  Pakeontologie,  Band  I,  heft  1  and  2  (1880), 

8vo,  Stattgart. 
Palsontographica,  Band  XXVI,  lief  3,  and  Supplement  III,  lief  3,  heft  4  (1879),    4to, 

Oaseek 
Pal^ntologifi  Fran^aiBe,  2Bd  Series,  V^g^taox,  Terrain  Jarassique,  livr.  28  (1879),  8vo, 

Paris. 
Petermann's  Geographische  Mittheilungen,  Band  XXV,   No.   12,   and  Band  XXVI,  No.  1, 

(1879^),  4to,  Gotha. 
Petermann's  Geographische  Erganiangsheft,  No.  59  (1880),  4to,  Gotha. 
Professional  papers  on   Indian   Engineering,   2n4  Series,   Vol.  IX,   No.  35  (1880),   870, 

Koorkee^ 

Thomabdn  Collbos  of  Civil  Snoinbkbing. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XX,  No.  77  (1880),   870, 

London, 
Zeitschrift  fiir  wissenschaflliche  Geographic,  Band  I,  heft  1  (1880),  8yo,  Lahe. 

Tab  Editob. 

(30VERNMENT  SELECTIONS,  Ac. 

Adbv.-^Huktbb,  Captain  F.  M. — An  account  of  the  British  Settlement  of  Aden   in  Arabia, 

(1877),  8vo,  London, 

HouB,  Rbv.>  it  AoBi.  Dbpabtmbkt. 

AssAM.^-Eeport  on  the  Administration  of  the  Province  of  Assam  for  1878-79  (1879),  870, 

Shillong. 

Chibf  Commb.  of  Assam- 
Banoalobb.— RiCB,  Lbwis,— Idysore  and  Coorg,  Vols.  I  to  III  (1877-78),  8vo,  Bangalore. 

HoMB,  Bby.,  &  AaBi.  Dbpabtubnt. 
Bombay. — Gacetteer  of  the  Bombay  Presidency,  Vols.  Ill  and  IV  (1879),  8vo,  Bombay. 

HoMB,  Rby.,  &  AoBi.  Dbfabticbkt* 

Bbihsb  B?BHa.— -Report  on  the  Administration  of  British  Burma  during  1878-79   (1880)f 

flsc,  Rangoon. 

Chibf  Commb.  of  Bbitish  Bubma. 
BJBinaH  BubmAv— The  British  Burma  Gaietteer,  Vol.  II  (1879),  8to,  Rangoon. 

HoMB,  Rbt.,  &  AoBi.  Dbpabtmbkt. 

BLtdbbab AD.-— Meade,  Colonel  Sib  R.  J. — Report  on  the  Administration  of   the  Hydera- 
bad Assigned  Districts  for  1878-79  (1879),  flsc,  Hyderabad. 

Resident,  Htdbbabad. 

IHDIA.-*  Accounts  of  the  operations  of  the  Great  Trigonometrical  Survey  of   India,  Vol.  V, 

(1879),  4to,  Calcutta. 

SUBYETOB  GbNEBAL  OF  IkDIa. 

„        PoWLETT,  Caft.  P.  W.— Gazetteer  of  the  Bikanir  Stete  (1874),  870,  Calcutta. 

Homb,  Ret.;  &  Aobi.  Depabtmbnt, 
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Titles  of  Books.  Donarm, 

IifDiA.— Hughes,  A.  W.— Gazetteer  of  the  ProTino©  of  Sind.  2nd  Editkm  (1876),  8to, 

LottdoD. 

HOMB,  RbT.,  a  AgIKI.   I>BFicBTKBlVT» 

„        HuwTBB,  W.  W.— A  Statietical  Account  of  Assam,  Vol«.  1, 11  (1879),  8vo,  London. 

HoMB,  Rbv.,  &  AoBi.  DBPutTXBirr. 

A  Statntical  Account  of  Bengal,  Vol.  I  (1875)  to  Yol.    XX 
(1877),  (1876-77),  8vo,  London. 

HoMB,  Bbv.,.  Sl  Aobi.  Defabtkbkt, 

„        Registere  of  original  observations  in  1879,  reduced  and  ccNrrected  January   18791 

(1879),  4to,  Calcutta. 

MbTBOBOLOGICJIL   DUPASTKBKr* 

Reports  of  the  ArDhaological  Survey  of  India,  Vok.  V  (1876),  VII  (1878X  VIII 
(1878),.  and  I&  (1879X  8vo,  Calcutta. 

HoMB,  Rbv.,  k  Agbi.  Dbpavtkbvt* 

„        The  Rajputana  Gazetteer,  Vol.  II  (1879),  8v&,  Calcutta. 

Fo&BiOK  Dbpabtvbkt. 

HadbA8.^Bo8WEI.l,  JoHir  A.  C. — A  Manual  of  the  Nellore  District  ia  the  Presidency  of 

Madras  (1873),  8vo,  Madras. 

HoMB,.  Rbt.,  &  Agbi.  Dbpabtmxbt. 


w 


Gabstin,  J.  H.— Manual  ef  the  South  Arcot  District  (1878),  8vo,  Madraa. 

HoMB,  Rev.,  &,  Agbi.  Dbfabtmbkt. 

„  Gazetteer  of  Southern  India  (1866),  8vo,  Madras. 

HoMB,  Rbt.,  k  Agxi.  Dbpabtmbitt. 

„  Gbibblb,  J.  D.  B. — Manual  of  the  District  of  Cnddapah  in  the  Presidency  of 

Madras  (1876),  8to,  Madras, 

HoMB,  Rbv.,  k  Agbi.  Dbfabtxbkt. 

^  Kbl»ai.l,  Johk. — M  anual  el  the  Bellary  District  (1872),  8vo,  Madras. 

HoxB,  Rbt.,  k  Aesi.  DBPABTXxirT. 

„  MooBB,  Lswis.^Manual  of   the  Trichinopoly    District  in  the  Presidency  of 

Madras  (1878),  8to,  Madras. 

HoMB,  Rbt^  k  Agbi.  DEPABmnrr^ 

yf  Report  CO  the  AdmiBiBtration  of  the  Madras  Presidency  for  the  year  1878-79 

(1879),  8vo,  Madras. 

MaBBAS  GOTBBVKBMr. 

n        Shtth,  R.  Bbough. — Report  on  the  Ok>ld  Mines  of  the  south-eastern  portion  of 

the  Wjnaad  and  the  Carooor  Ghat  (1880),  flsc,  Madras. 

HoHB,  RBTn  k  Agbi.  Dbpabtmbht 

MT60BB.~Report  on  the  Administration  of  Mysore  for  the  year   1878-79  (1879X    flsc*^ 

Bangalore.  . 

C!hibf  Comub.  or  Mtbobx. 


FAKT  2.]  Jddi lions  to  tie  Library,  157 

Tiiles  of  Books,  Donors, 

MTSOBB.—Beport  on  the  Public  Instraction  in  Mysore  for  1878-79  (1879)i  flsc.,  Bangalore. 

Chibf  Cohmb.  of  Mtsobb* 

N.  W.  Pbovincbs. — Gbowsb,  F.  S.— Mathnra:  a  district  Memoir,  pts.  I  and  II  (1874), 

8vo,  ADababad. 

HouB,  Bey.,  &  Agbi.  Dbpabtmbnt. 

„  Statistical,  descriptiye,  and  historical  account  of  the  North-West  ProvinceSy 

Vol.  Y,  Bohilkhand  Division,  pt.  I  (1879),  8yo,  Allahabad. 

Govt.,  Nobth-Wbst  Pbotincb9. 
„  Battbn,  J.  U. — Official  Reports  on  the  Province    of    Kumaun    (1878), 

8vo,  Calcutta.  Homb,  Bbt.,  &  Aobi.  Dbpabtmbkt. 

^  Williams,  G.  R.  C. — Historical  and  Statistical  Memoir  of  Dehra  Dqd. 

(1874),  8vo,  Roorkee. 

HouB,  Rby.,  &,  Aesi.  DBPABTHBirr. 

FuHJAB. — Report  on  the  Administration  of  the  Punjab  and  its  Dependencies  for  1878-79 

(1879),  870,  Lahore. 

Punjab  Govbbkmbitt. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES. 

Bbblin. — Monatsbericht  der  konig  Preussischen  Akademie  der  Wissenschaften,  August  to 

November  1879  (1879-80),  8vo,  Berlin. 

Thb  AcADBinr. 

„        Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXXI,  heft  3  (1879), 

8vo,  Berlin. 

Thb  Socibtt. 

Bbbslav. — General  Sachregister  der  in  den  Schriflen  der  Schlesischen  Gresellschaft  fiir  vater- 

landische  Cultur,  Yon  1804,  his  1876  inclusive  (1878^,  8vo,  Breslau. 

Thb  Socibtt. 

„        Sechsundfiinfzigster    Jahres-Bericht  der  Schlesischen  Gesellschaft  fur  vaterlandis- 
che  Cultur  fur  1878  (1879),  8vo,  Breslau. 

Thb  Socibtt. 

Bbvssbls. — Bulletin  de  la  Society  Beige  de  Geographic,  No.  6  (1879),  8vo,  Bruxelles. 

Thb  Socibtt. 

CALCtJTTA.— Journal  of  the  Asiatic  Society  of  Bengal,  New   Series,  Vol.  XL VIII,  pt.  I^ 

No.  4  (1879),  8vo,  Calcutta. 

Thb  Socibtt. 

„        Proceedings  of  the  Asiatic  Society  of  Bengal,  No.  10  (1879),  8vo,  Calcutta. 

Thb  Socibtt. 
„        Records  of  the  Geological  Survey  of  India,  Vol.  XIII,  pt.  I  (1880),  8vo,  Calcutta. 

Thb  Subvet. 

Cambbiscib. — Annual   Report  of  the   Curator  of  the  Museum  of  Comparative  Zoology  for 

1878-79  (1879),  8vo,  Cambridge. 

MUSBUM  07  COMPABATIYB  ZoOLOUT. 


158  Uncords  of  lie  Geologkal  Survey  of  India.  [vol.  xnt. 

Titles  qf  Books.  Donors. 

Cakbbidox. — Bnlleim  of  the  Maseum  of  Comparative  Zoology,  Vol.  V,  No«.  15  &  16,  aod 

Vol.  VI,  Nob.  1  &  2  (1879),  8vo,  Cambridge. 

MUSBVM  OF  GrOMPABATIYX  ZOOLOOY. 

Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland,  New  Series,  VoL  III,  pt.  II 

(1872),  8vo,  Dublin. 

Thb  Socibtt. 

Glasgow. — Proceedings  of  the  Philosophical  Society  of  Glasgow,  Vol.  XI,  No.  2  (1879), 

8vo,  Glasgow. 

The  Society. 

London.— Journal  of  the  Society  of  Arte,  Vol.  XXVIII,  Noe.  1410—1424  (1879^),  8vo, 

London. 

Thb  Society. 


If 


w 


l> 


II 


11 


Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  VoL  IX, 

No.  1  (1879),  8vo,  London. 
Journal  of  the  Iron  and  Steel  Institute,  Nos.  1  and  2,  1879,  and  List  of  Members 

(1879),  8vo,  London. 

The  Institute. 

Palseontographical  Society's  publications.  Vols.  XXXII  and  XXXIII  (1878-79), 

4to,  London. 
Prooeedings  of  the  Royal  Geographical  Society,  New  Series,  Vol.  I,  No.  12,  and 

Vol.  II,  No.  1  (1879-80),  8vo,  London. 

The  Society. 

Proceedings  of  the  Royal  Society  of  London,  Vol.  XXIX,  No.  198  (1879),   8vo, 
London. 

The  Society. 

„        Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXV,  No.  140,  and 
List  for  1879  (1879),  8to,  London. 

Thb  Society. 

Madbid.— Boletin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  VII,  Nos.  2,  6,  and  6  (1879). 

8vo,  Madrid. 

The  Society. 

Manchbsteb. — ^Transactions  of  the  Manchester  Geological  Society,  Vol.  XV,  pts.  X  and   XI 

(1878),  8vo,  Manchester. 

The  Society. 

MsLBOUBNB.^Reporte  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th 

September  1879  (1879),  flsc,  Melbourne. 

Mining  Dbpabtment,  Victobia. 

Montbbal. ^Geological  Survey  of  Canada.    Report  of   progress  for  1877-78,  with  maps 

(1879),  8to,  Montreal. 

Gbological  Subvey  or  Canada. 

NBUCHATEL-^Bulletin  de  U  Sooi^t^  des  Sciences  Naturelles  de  Neuohatel,  Vol.  XI,  pt.  3 

(1879),  8?o,  Neuchatel. 

The  Society. 


Pabt  2.]  Additions  to  tie  Library.  159 

Titles  of  Books.  Donors. 

Kiw  Zbalakb. — Colonial  Museam  and  Geological  Survey  of   New  Zealand.    Reports  of 

Geological  ezploraUona  during  1878-79  (1879),  8vo,  New  Zealand. 

Gbol.  Svbvbt  of  Nbw  Zbaland. 

PJZlLADBLPHLi. — Joamal  of  the  Franklin  Institute,  3rd  Series,  Vols.  LXXYIII,  No.  6, 

and  LXXIX,  Noe.  1  &  2  (1879-80),  8to,  Thiladelphia. 

Thb  Ikstitutb. 

Pisa. — Atti  della  Societa  Toscana  di  Science  Natnrali,  Proceesi  Yerbali,  11  gennaio  (1880), 

8vo,  Pisa. 

Thb  Socibtt. 

RoMB.— Atti  della  B.  Accademia  dei  Lincei,  3rd  Series,  Transmit!,  Vol.  lY,  Nos.  1  <&  2  (1880), 

4to,  Rome. 

Thb  Acadbmt. 

Salbm.— Bulletin  of  the  Essex  Institute,  Vols.  X,  Nos.  1-12  (1878),,and  XI,  Nos.  1—9  (1879), 

Svo,  Salem. 

Thb  Institttb. 

81110APOBB.— Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  3  (1879),  Svo 

Singapore. 

Thb  Sooibtt. 

Stockholm. — Blombbbo,  A.^Fraktiskt  Greologiska  Undersokningar  inom  Hexjedalen  Och 

Jenitland  (1879),  Svo,  Stockholm. 

Gbol.  Subvby  of  Swbden 

LiNDSTBOM,  A. — Praktiskt  Geologiska  lakttagelser  (1879),  Svo,  Stockholm. 

Gbol.  Subybt  of  Swbdbk. 

L1NNAB88OK,  G. — Om  Faunan  i  iagren  med  paradozides  Olandicus  (1877),  8vo, 
Stockholm. 

Gbol.  Subvbt  of  Swbdbk. 

L1NNAB88ON,  G.^Iakttagelser  ofver  de  Graptolit  forande  skiffrarne  i  skane 
(1879),  Svo,  Stockholm. 

Gbol.  Subybt  of  Swbden. 

„  LiNNABssoN,  G. — Om  Faunan  i  kalken  med  Conocoryphe,  Exsulans  (1879)« 

Svo,  Stockholm. 

Gbul.  Subybt  of  Swbdbn. 

„  Nathob8T,  a.  G. — Om  Floran  i  skanes  Kolforande  Bildningar,  Vol.  I,  pt.  2 

(1879),  and  Vol.  II  (1878),  4to,  Stockholm. 

Gbol.  Subybt  of  Swbdbn. 

„  Sveriges  Geologiska  Undersokning,  Nos.  4,  5,  68,  69,  71,  &  72  (1879),  Svo, 

Stockholm. 

Gbol.  Subybt  of  Swbdbn. 

Stdkbt.— Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  for  1878  (1879), 

4to,  Sydney. 

Dbpabtuknt  of  Mines.  N.  S.  W. 


>» 


rt 


a 


16 1)  Records  of  the  Geological  Survey  0/  India.  [vol.  xiit. 

Titles  ofBookn,  Donors, 

Tasxakia. — ^Papers,  Proceedings,  and  Beport  of  the  Ro/al  Society  of  Tasmania  for  187S 

(1879),  Svo,  Tasmania. 

Thb  Socibtt. 

TuBiK. — Memorie  della  Reale  Accademia  delle  Scienze  di  Torino,  2nd  Series,  Vol  XXXI 

(1879),  4to,  Torino. 

The  Academy. 

YiEKi7A« — Abhandlnngen  der  kais.  konig.  Geologischen  Beichsanstalt,  Band  VII,  heft  5 

(1879),  4to,  Wien. 

The  Institutb* 

^         Jahrbuch  der  kais.  konig.  Geolog^schen  Beichsanstalt,  Band  XXIX,  No.  3  (1879}» 
8vo,  Wien. 

The  iHBTiTirnu 

„         Yerhandlungen  der  kais.  konig.  Geologischen  Beichsanstalt,  Nos.  10 — 16  (1879) 
and  Nos.  1—3  (1880),  8vo,  Wien. 

The  IvsTiTUTE 

WA8HiNGT0N.«»Balletin  of  the  IT.  S.  Geological  and  Geographical  Survey  of  the  Teni* 

tones.   Vol.  V,  Nos.  2  <&  8  (1879),  8vo,  Washington. 

The  Subtbt. 

Yokohama. — Transactions  of  the  Asiatic  Society  of  Japan,   Vol.  VIII,  pi  1  (1880),  8vo» 

Yokohama. 

The  Socistt. 

ZUbich.— Nenjahrsblatt  von  der  Natnrforschen  den  Gesellschaft,  No.  LXXXI  (1878),  4to» 

Zurich. 

The  Socistt. 


},        Yierteljahrsschrift  der  Naturforschenden  Gesellsohaft,  Jahrgang  XXIII,  heft 
(1878),  8vo,  Zurich. 

The  Socibtt. 


RECORDS 


OF  THB 


GEOLOGICAL  SURVEY  OF  INDIA. 


Part  8.]  1880.  [August. 


The  Kumaun    Lakes,   hy  W.  Theobald,  Deputy  Sup&rintendenty  Qeological 

Survey  of  India. 

I  cannot  betier  preface  my  own  notes  on  the  Kumann  lakes,  than  by  briefly 
adverting  to  the  views  regarding  their  origin,  propounded  by  my  colleague 
Mr.  Ball  in  the  Records  of  the  Greological  Survey,  Vol.  XT,  part  2,  page  174 ; 
since  differing  so  essentially,  as  I  do,  from  them,  it  will  be  more  convenient  to  spe- 
cify at  the  beginning  wherein  this  divergence  of  opinion  consists,  than  to  break 
the  thread  of  my  own  description  by  constantly-recurring  allusions  to  Mr.  Ball's 
paper. 

I  make  no  afiEectation  of  approaching  the  discussion  of  the  vexed  question 
of  the  origin  of  the  Kumaun  lakes  without  any  bias  for  any  particular  theory, 
since  believing,  as  I  do,  in  the  strongly  presumptive  universality  of  glacial 
conditions  during  the  great  ice  age,  the  result  of  cosmical  rather  than  local 
causes,  it  would  be  absurd  in  me  to  disavow  any  expectation  of  finding  traces 
of  such  conditions  within  the  Himalayan  region,  of  all  others,  or  to  deny  that 
fiuch  conditions  may  not  be  held  to  afford  a  plausible  prinid  facie  explanation 
of  the  origin  of  these  lakes,  deserving  of  all  our  respect,  tiU  it  can  be  demon- 
strated that  such  a  presumption  is  erroneous.  Such  an  error,  supposing  it  to  be 
one,  is,  or  should  be,  very  capable  of  disproof,  and  I  understand  Mr.  Ball's  paper 
to  be  such  an  attempted  disproof,  but,  in  my  opinion,  an  unsuccessful  one. 

The  Kumann  lakes  have  so  many  points  of  resemblance  in  common,  both 
as  regards  elevation,  physical  surroundings,  and  geographical  arrangement,  that 
it  seems  not  unreasonable  to  assume  a  common  origin  for  them  all,  so  that  I  shall 
attach  less  importance  to  the  elucidation  of  the  history  of  those  presenting  ob- 
scure features,  than  to  the  endeavour  to  establish  satisfactorily  the  origin  of  one 
or  more  of  them  ;  and  I  herein  differ  from  Mr.  Ball,  in  that,  whilst  he  can  discern 
no  conclusive  proof  of  glacial  action  in  any  of  those  visited  by  him,  I  consider 
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the  case  fairly,  not  to  say  strongly,  made  out  as  regards  some,  and  capable 
of  being  extended  by  analogy,  and  in  default  of  any  sufficient  reason  to  the 
contrary,  to  all. 

Mr.  Ball  (p.  175  h  c.)  commences  by  dividing  the  Kumaun  lakes  into  three 
classes  '^  having  certain  features  mutually  in  common,"  but  unfortunately  without 
specifying  what  these  features  are ;  an  omission  which  must  be  my  excuse  if 
I  fail  in  consequence  to  do  justice  to  my  colleague's   views  on  the  subject. 
Passing  to  the  consideration  of  Naini   Til  (of  which   a  pretty  lithographed 
sketch  is  given)  Mr.   Ball  seeks  to  controvert  the  views  of  those  who  attri- 
bute a  glacial  origin  to  its  basin,  bat  quite  unsuccessfully,  I  think.     Whether 
this  lake  really  lies  in  a  true  ice-cut  basin  or  basins,  is  certainly  not  established 
or  likely  to  be  so  by  actual  proof,  unless  the  lake  is  ever  drained,  a  contingency 
which  may  be  dismissed  from  present  consideration,  though  if  Mr.  Ball's  section 
of  its  basin  represents  the  general  contour  of  its  bottom,  and  not  the  contour 
^  along  a  single  line  only,  there  is  the  strongest  presumption  in  favour  of  its  gla- 
cial origin.     I  do  not,  however,  think  it  necessary  now  to  dwell  at  any  length 
on  Mr.  Ball's  speculations  as  to  the  probable  nature  of  the  bottom,  but  there  is 
one  remark  of  my  colleague  touching  the  mode  in  which  the  rock  basins  (sup- 
posing them  to  exist)  have  been  produced,  which  indicates  so  absolute  a  diver- 
gence from  the  current  ideas  respecting  the  modus  operandi  of  ice  action,  that 
I  do  not  Hke  to  pass  it  without  remark.     Mr.  Ball's  words  are  (p.  176  I.  o.)  "  sup- 
posing it  to  be  so,  the  twin  basins  might  be  readily  explained  by  the  hypothesis 
that  they  had  been  successively  excavated  by  the  retreating  end  of  a  glacier." 
This  is  perfectly  unambiguous  as  far  as  language  goes,  but  does  Mr.  Ball  really 
suppose  that  a  glacier  ever  moves  backwards,  and  if  not,  then  what  does  he 
mean  by  the  above  words  ? 

A  glacier  does  its  work  by  its  weight  and  momentum ;  its  movement  is  sole- 
ly foru)a/rds,  not  necessarily  downwards,  but  simply  forwards,  and  away  from  the 
direction  of  its  source.  The  '*  retreating  end "  of  a  glacier,  therefore,  cannot 
excavate  in  any  degree,  or  add  in  its  retreat,  to  the  work  it  had  already  per- 
formed in  its  advance ;  since  the  word  '*  retreat  "  does  not  involve  here  any  sense 
of  retrograde  motion,  but  simply  a  contraction  of  the  dimensions  of  the  glacier 
induced  by  the  operation  of  climatal  causes.  As  the  end  of  a  jet  of  water  retreats 
as  the  pressure  under  which  the  jet  issues  is  diminished,  without^  however, 
the  particles  which  compose  the  jet  losing  their  forward  motion  (though  its 
amount  may  be  reduced),  so  it  is  with  a  glacier,  and  I  am  therefore  at  a  loss  to 
know  whether,  in  the  passage  quoted,  my  colleague's  words  correctly  express  his 
meaning.^ 

I  do  not  consider  either  that  Mr.  Ball  has  been  particularly  felicitous  in  his 
efforts  to  dispose  of  the  argument  adduced  by  Mr.  H.  F.  Blanford  for  the  glacial 
origin  of  the  lake,  from  the  peculiar  shape  of  the  basin,  and  the  character  of  its 
sides,  unbroken  by  subordinate  ridges  and  spurs. 

^  Mr.  Ball  may  perhaps  be  credited  with  the  meaning  his  words  would  suggest  to  most  of  his 
readers — that  the  apper  basin  had  been  cut  after  the  glacier  had  retreated  from  its  position  of 
maximum  extension. — H.  B.  M. 
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Mr.  Ball  observes : — "  It  is  tme  that  there  are  no  subordinate  ridges  and 
BpurSi  but  such  is  not  uncommonly  found  to  be  the  case,  where  valleys  run  with 
the  strike  between  hard  beds,  bounding  softer  ones,  which  have  been  eroded  to 
form  the  valleys."  The  picture  here  drawn  is  suggestive  of  some  great  synclinal 
valley  in  Vindhyan  sandstones,  or  in  some  similar  group  characterised  by  the 
parallelism  and  unbroken  character  of  its  beds,  and  there  are  doubtless  many 
valleys  which  might  have  '  sat  for  the  portrait,'  but  the  entire  force  of  the  argu- 
ment, as  hei«  used,  depends  on  its  applicabiliiy  to  the  Naini  basin.  Of  course,  by 
introducing  it  in  this  connection,  Mr.  Ball  implies  that  it  is  «o  applicable, — a  view 
which  I  am  wholly  unable  to  coincide  in.  Mr  Ball,  however,  having  created  the 
impression  which  the  above  sentence  is  calculated  to  convey,  nowhere  else  lays 
special  stress  on  the  parallelism  of  the  strata  bounding  the  basin,  but  speaks  of 
them  as  in  places  *'  much  contorted  and  broken,"  and  of  the  limestones  *'  near  the 
depdt "  forming  '*  irregular  lenticular  masses,  not  as  beds."  The  fact  is,  the  valley 
wherein  Naini  Til  nestles  is  surrounded  by  rocks,  varying  greatly  in  structure, 
such  as  splintery  schists,  and  massive  limestones,  which  agree  in  one  character 
only,  that  of  being  very  disturbed,  as  regards  their  stratigraphical  arrangement, 
and  much  crushed  and  mechanically  disintegprated  as  regards  their  petrological 
condition.  This  last  condition  (certainly  one  not  unfavourable  to  the  production 
of  spurs  by  denudation)  causes  the  hill  sides  to  be  much  marked  by  debris 
(landslips  perhaps  Mr.  Ball  would  say),  washed  down  over  them,  but  in  the 
shallow  road  cuttings  along  the  '  Mall,'  the  true  arrangement  of  the  strata  may 
be  seen,  not  as  might  be  inferred  from  Mr.  Ball's  words,  with  a  surface-plane 
and  strike,  coinciding  with  the  axis  of  the  valley,  but  revealing  highly  disturbed 
beds,  with  their  ends  truncated  at  various  angles  by  the  surface.  Opinions  may 
differ  as  to  the  value  of  the  evidence  in  question,  but  the  stratigraphical  idea 
which  Mr.  Ball's  words  convey  is  certainly  not  that  most  obviously  indicated  on 
the  ground.^ 

Mr.  Ball  also  alludes  to  ''  the  rigid  trap  axis  "  of  the  hill,  but  this  feature 
I  consider  no  less  suppositious  than  the  implied  parallelism  of  the  beds  bounding 
the  lake.  I  was  much  surprised,  after  what  I  had  read  of  the  lake,  to  see  so 
little  trap  in  its  vicinity,  but  much  of  the  rock  in  the  district  which  might  be  so 
termed  in  a  petrological  sense,  I  should  prefer  to  regard  as  an  integral  member  of 
the  schist  group.  Beds  of  this  character  may  occur  in  the  range  in  force,  but  to 
speak  of  them  as  'Hrap"  without  further  comment,  is,  I  think,  likely  to  mislead, 
especially  in  helping  to  confuse  their  relationship  with  the  eruptive  trap,  properly 
so  called,  so  largely  developed  about  Bhim  Tal  and  Malwa  Tdl.  Mr.  Ball,  more- 
over, does  not  very  clearly  explain  in  what  precise  way  the  presence  of  either 
bedded  or  eruptive  trap  confers  rigidity  on  the  range  in  question,  and  in  default 
of  a  fuller  exposition  of  Mr.  Ball's  views  on  the  subject,  I  am  unable  to  recognise 
a  greater  amount  of  "  rigidity  "  in  the  hills  about  Naini  T41,  than  in  any  other 
hills  in  this  or  any  other  district.     Did  the  ranges  environing  Naini  Til  consist 

»  To  most  geologists  Mr.  Ball's  words  would  probably  suggest  a  valley  of  erosion  on  a  broken 
anticlinBl  flexure:  a  condition  compatible  with  what  he  claims]  for  the  cas?  and  with  the  facts 
adduced  against  it  in  the  text. — H.  B,  M« 
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• 
of  soft  sands  and  clays  banked  up  against  a  "  rigid  trap  axis,"  I  could  appreciate 
the  dynamical  appropriateness  of  the  expression,  bat  not  so,  where  the  ranges 
consist  of  schists  and  massiye  limestones,  and  the  very  existence  of  a  marked 
or  strongly  differentiated  axis  of  a  more  rigid  character  is,  to  say  the  least,  a 
matter  of  the  purest  supposition. 

Equally  is  Mr.  Ball  at  variance  both  with  Mr.  H.  F.  Blanford  and  myself 
regarding  the  nature  of  the  barrier  at  the  outfall  of  Naini  T41 :  Mr.  Blanford 
and  myself  both  regarding  it  as  a  moraine,  whilst  Mr.  Ball  terms  it  a  landslip ; 
and  I  may  here  remark  that  to  '*  landslips "  (so  far  as  I  can  gather)  all  the 
Kumaun  lakes  are,  in  Mr.  Ball's  opinion,  due. 

As  regards  the  particular  case  of  Naini  Til,  it  may  be  seriously  objected  to 
Mr.  Ball's  view,  that  the  barrier  is  not  placed  where  the  sides  of  the  valley  are 
steepest,  nor  is  the  slope  sufficient  to  suggest  such  a  cause.  A  general  idea  of 
the  objection  here  taken  by  me,  may  be  gathered  by  referring  to  the  sketch  of  the 
lake  given  in  Mr.  Ball's  paper ;  but  it  requires  a  personal  knowledge  of  the  ground 
to  realize  how  much  bolder  the  slopes  are  at  other  parts,  where  no  obstructive 
landslips  have  descended,  than  at  the  actual  outfall.  It  may  be  suggested  that 
the  very  descent  of  the  *'  slip"  has  itself  lowered  the  slope,  and  modified  the  profile 
of  the  neighbouring  ground,  but  I  do  not  think  such  is  the  case  either  here  or  any- 
where else,  and  I  merely  allude  to  the  notion,  to  prove  that  it  has  not  escaped 
consideration.  A  few  words  will  not  be  here  out  of  place,  touching  the  effects 
produced  by  a  *  landslip  *  as  contrasted  with  those  due  to  a  *  moraine.' 

A  landslip  in  its  proper  and  original  sense,  is  a  somewhat  rare  phenomenon, 
(depending  on  certain  conditions  of  surface,  subsoil,  and  drainage),  such  as  the 
*  undercliff '  in  the  Isle  of  Wight,  and  such  cases  as  quoted  in  White's  *  Sel- 
boume',  but  which  are  rare  in  the  Himalayan  region,  though  not  unknown  in 
the  Salt-range.  The  term  is,  however,  also  applied  to  one  of  the  commonest 
phenomena  in  hilly  regions,  the  descent  from  a  steep  hill  or  cliff,  of  a  mass  of 
rocky  materials,  detached  partly  by  frost  perhaps  in  the  first  instance,  partly  by 
water  and  partly  by  gravity ;  the  initial  movement  where  the  mass  is  consider- 
able being  possibly  in  some  cases  due  to  an  earthquake.  This  being  the  sort 
of  phenomenon  considered  by  Mr.  Ball  as  being  the  cause  wherefrom  aU  the 
Kumaun  lakes  have  originated,  it  is  necessaiy  carefully  to  consider  how  far  the 
conditions  present  in  such  cases  resemble  or  differ  from  those  connected  with 
moraines,  and  whether  they  are  adequate  to  the  production  of  the  results  attribut- 
ed to  them.  Such  *  slips'  as  I  now  allude  to  may  be  broadly  divided  into  two 
classes,  namely,  those  which  consist  mainly  of  rocky  fragments,  detached  from  a 
steep  hill  side,  always  more  or  less  angular  and  often  of  a  large  size,  and  *  slips ' 
from  ground  where  the  rock  is  more  sandy  or  argillaceous,  and  in  which  water  is 
more  or  less  the  prime  mover ;  the  result  being  the  descent,  often  very  gradual,  of 
a  heterogenous  mass  of  mud  and  stones,  whose  power  of  progression  is  regulated 
partly  by  the  slope  over  which  it  moves,  and  partly  by  the  amount  of  fluidity  of 
the  ingredients  composing  it.  Slips  of  rock  fragments  of  the  first  class  are,  as  a 
rule,  sufficiently  obviously  connected  with  the  source  whence  they  are  derived, 
and  stand  usually  at  a  considerable  angle,  the  slope  varying,  however,  with  the 
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size  and  character  of  the  materials  composing  it.  To  no  such  origin  as  this  can, 
I  think,  any  of  the  barriers  of  the  Kumaun  lakes  be  attributed.  '  Slips '  of  the 
second  class,  however,  far  more  closely  simulate  a  '  moraine,*  but  those  possessed 
of  most  mobility,  from  the  greater  fluidity  of  their  composition,  are  in  the  precise 
ratio  of  such  fluidity  least  capable  of  withstanding  removal  by  rain,  or  of  bear- 
ing upon  their  surface  craggy  masses  of  rock  such  as  I  should  term  'entities,* 
and  which,  if  not  numerous,  are  at  all  events  occasional  and  most  signifi- 
cant constituents  of  some  of  the  barriers.  Mr.  Ball  mentions  masses  of  rock 
10  feet  in  diameter,  as  forming  part  of  the  barrier  of  Naini  Tal,  but  this  is  an 
nnder-estimate,  as  some  of  the  masses  are  double  and  treble  that  size.  They  have 
certainly  not  fallen  from  any  neighbouring  cliff,  nor  are  the  harsh  comminuted 
rocks  in  the  vicinity  of  the  lake  capable  of  forming  a  stiff  mud  on  which  they 
could  have  been  transported,  after  the  fashion  of  a  *  moraine, '  and  the  inference 
I  therefore  draw  from  them  is,  that  they  are  really  part  of  a  '  moraine '  and  not 
brought  into  their  present  position  by  any  of  the  ordinary  modes  of  stream  action. 

Of  Bhim  Tal,  Mr.  Ball's  account  is  hardly  more  satisfactory,  in  my  opinion, 
than  in  the  case  of  Naini,  with  the  important  exception,  that  he  himself  sees  a  seri- 
ous objection  to  the  application  to  it  of  the  '  landslip '  theory.  Mr.  Ball's  words 
are :  "  Towards  the  southern  end  of  the  lake  on  the  eastern  side,  there  is  a  boulder 
deposit,  which  extends  along  the  bank,  up  to  a  level  of  perhaps  10  feet  above  the 
water."  Now,  this  "  boulder  deposit "  is,  according  to  my  interpretation,  part  of  a 
lateral  moraine  which  descended  from  the  peak  above  Sangri  (6,320  feet),  and  in 
conjunction  with  that  of  the  main  glacier  to  the  south,  helped  on  the  diminution 
of  glacial  conditions  to  block  the  direct  exit  of  the  valley  to  the  south,  thereby 
creating  the  lake.  Mr.  Ball  goes  on  to  add :  *'  The  most  remarkable  feature  about 
it,  however,  is,  that  it  is  backed  by  no  high  range  on  the  east,  so  that,  if  derived 
from  a  landslip,  the  materials  must  have  come  from  the  west,  and  of  necessity 
temporarily  filled  up  a  portion  of  the  bed  of  the  lake."  I  do  not  see  by  what 
stretch  of  ingenuity  Mr.  Ball  can  defend  the  above  sentence  from  the  charge 
of  very  inadequately  conveying  the  true  state  of  the  case.  The  course  of  the 
lake,  so  far  as  the  **  boulder  deposit "  extends,  runs  north  and  south.  As  there  is 
no  high  ground  to  the  east,  the  material,  as  Mr.  Ball  owns,  if  the  boulder  deposit 
originated  in  any  way  in  a  landslip,  must  have  come  from  the  west  across  the 
lake,  but  in  so  doing  must  have  obliterated  it  altogether.  To  talk  of  this  as  tem- 
porarily filling  up  a  portion  of  its  bed  is  simply  trifling  with  the  intelligence  of 
tlie  reader.  There  being  no  scour,  how  does  Mr.  Ball  suppose  such  a  mass  of 
materials  to  have  been  removed,  and  the  bed  of  the  lake  cleared  of  its  temporary 
obstruction  P 

Mr.  Ball  is  further  forced  into  the  admission,  very  remarkable  in  his  mouth, 
with  reference  to  this  "  boulder  deposit,*^  that  "  its  appearance  suggests  a  moraine," 
though  this  is  not  very  consistent  with  the  appellation  he  bestows  on  it. 

In  considering,  too,  the  question  of  the  descent  of  a  glacier  down  the  valley 
from  the  north-west,  Mr.  Ball  allows  himself  to  be  influenced  by  a  difficulty 
which  I  confess  I  am  far  too  dull  to  perceive  the  force  of.  So  far  as  I  can  under- 
stand it,  the  difficulty,  as  it  presents  itself  to  him,  is  the  possible  or  probable 
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prolongation  of  a  spur  of  rock  across  the  valley,  wluch,  I  understand  Mr.  Ball 
to  ar^ae,  wonld  be  a  serious,  not  to  say  insurmountable,  difficulty  in  bis  mind  to 
the  idea  of  a  glacier  ever  having  passed  along  it.  To  me  it  is  nothing  of  the  sort ; 
for  I  can  conceive  no  sort  or  description  of  spur  blocking  or  constricting  a  valley 
which  could  offer  any  bar  to  the  passage  of  a  glacier :  for  the  plain  and  simple 
reason,  that  wherever  the  stream  which  originally  excavated  the  valley  could  go, 
a  glacier  could  follow,  and  is,  moreover,  not  so  bound  by  hydrostatic  laws  as 
water  is  in  its  fluid  state.  Further  into  the  matter  than  this  I  confess  my 
inability  to  see. 

Of  Naukatchia  T&l  and  Sdth  Tal  Mr.  Ball  expresses  a  confident  opinion  that 
their  shape  and  surroundings  preclude  the  idea  of  glacial  agency  being  concerned 
in  their  formation,  an  opinion  from  which  I  profoundly  dissent^  especially  with 
reference  to  the  former  lake,  which  I  consider  one  of  the  most  remarkable  lakes 
in  Kumaun,  if  not  in  the  world,  as  I  shall  endeavour  soon  to  show. 

There  is  one  remark  in  Mr.  Ball's  ^^conclusions  "  (p.  181  of  his  paper)  which 
I  cannot  pass  without  conunent,  as  1  am  painfully  compelled  to  own  I  do  not 
realise  its  cogency.    The  remark  is  couched  in  the  following  words  :— 

''  There  is  one  point  geologically  which  links  the  three  larger  lakes  together, 
and  that  is  the  occurrence  of  trap  dykes  in  the  vicinity  of  each."  Is  it  reasonable 
to  ask  us  to  accept  this  dictum  for  argument  ?  Is  it  not  rather  like  clothing 
with  scientific  importance  the  crude  geographical  conceptions  of  honest  Fluellen, 
touching  the  similarity  between  Monmouth  and  Macedon,  as  proved  by  their 
both  commencing  with  the  letter  M  ?  Why,  too,  the  smaller  adjoining  lakes 
should  be  excluded  from  participation  in  the  argument  supposed  to  accrue  from 
the  presence  of  the  dykes  in  the  vicinity  of  their  larger  brethren,  is  not  obvious. 
However,  my  colleague  goes  on  to  explain  himself :  *'  Now,  I  do  not  think  it  at 
all  probable  that  the  lakes  are  due  to  the  original  outburst  of  trap,"  an  opinion 
in  which  I  fully  coincide,  considering  that  such  an  idea  is  wholly  beyond 
the  bounds  of  the  wildest  possibility ;  but  my  colleague  at  once  goes  on  to 
add :  "But  it  seems  not  improbable  that  when  the  great  upheaval  and  disturb- 
ance of  the  rocks  of  this  area  took  place,  the  existence  of  comparatively 
rigid  lines  of  trap  may  have  been  largely  instrumental  in  determining  the 
form  which  the  surface  assumed,  and  that  on  their  flanks  the  soft  shales,  Ac., 
may  have  been  so  much  crushed  and  broken  as  to  yield  more  easily  to  the 
subsequent  operations  of  denudation,  thus  affording  an  abundant  supply  of  mate- 
rials for  landslips,  which  ultimately  served  to  close  the  valleys  and  form  the  lakes.** 

The  two  prominent  ideas  here  presented  are  firstly ^  that  ^^  rigid  lines  of  trap  have 
determined  the  form  "  of  the  ground  surrounding  the  lakes ;  and  secondly ,  that  the 
lakes  are  merely  accumulations  of  water,  dammed  up  by  the  "  abundant  supply ''  of 
soft  shales  washed  off  the  flanks  of  thq  'rigid  lines  of  trap '  in  question.  To  this 
I  can  only  say  that  the  very  existence  of  any  such  '* rigid  lines"  is  a  matter  of 
pure  supposition  on  Mr.  Ball's  part,  without  the  slightest  evidence,  so  far  as  I  am 
aware,  in  support  thereof ;  and  so  far  from  the  barriers  which  hold  up  the  lakes 

*  The  presence  of  an  obstracting  spar  here  has  more  weight  ngiiinat  the  glacial  hypothesis 
t^mn  the  abflence  of  such  spars  at  Naini  hns  in  favour  of  it. — II.  B.  M. 
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being  composed  of  '  soft  shales, '  it  would  be  very  bard  to  find  sucb  soft  shales 
in  any  of  the  barriers  I  have  examined.  This  is  a  plain  issue.  Are  the  barriers 
mainly  composed  of  soft  shales,  or  is  that  material  mainly  conspicuous  in  them 
by  its  absence? 

Now,  Mr.  Ball  himself  tells  us  nothing  about  '^soft  shales  "  in  the  body  of  his 
paper.  He  therein  describes  the  hills  surrounding  the  lakes  as  consisting  of 
"shales,"  "quartzites,"  "  limestones,"  '*  argillaceous  schists,"  "  massive  lime- 
stones," ''highly  indurated,  but  slightly  calcareous  mudstones,"  ''white  and 
purple  quartzites,"  "greenstone,"  "trap,"  and  even  "  granite  and  gneiss  "  (pos- 
sibly^ as  members  of  the  rock  series  of  the  district,  but  not  a  word  of  "soft  shales  " 
till  we  come  to  his  'conclusions,'  wherein  they  are  described  as  swathing  his  "rigid 
lines  of  trap,''  and  by  the  "abundant  supply  of  material "  they  have  afforded, 
actually  choking  up  the  valleys,  and  thereby  originating  the  lakes.  In  a  word, 
Mr.  Ball  concludes  that  the  Kumaun  lakes  have  no  connection  whatever  with 
forme  r  glaciers,  but  are  due  to  landslips  operating  on  soft  shale,  and  the  (to  me) 
somewhat  obscure  influence  of  "  rigid  lines  of  trap."  My  own  reason  for  re- 
garding these  lakes  as  glacial  I  shall  now  proceed  to  state. 

The  lakes  of  Kumaun  may  be  divided  into  two  groups,^  m>.,  those  which  lie 
in  the  direct  course  of  an  old  glacier,  and  which  may  or  may  not  occupy  an  ice-cut 
basin,  and  those  formed  by  the  occlusion  of  a  valley  by  the  projection  across  it  of 
the  material  of  a  *  moraine. ' 

Class  I  embraces  Bhim  Tdl,  Malwa  T&l,  Naini  Tdl,  the  lowest  of  the  Sath 
Til  group,  and  an  unnamed  lake  above  Khurpa  T41. 

Class  II  embraces  Naukatchia  Tal,  Khurpa  T41,  Suria  Tal,  and  the  upper 
lakes  of  the  Sath  T61  group. 

The  origin  of  aU  is,  however,  identical,  and  putting  aside  all  considerations  of 
rock  basins,  which  I  have  no  immediate  means  of  verifying,  is  due  to  the  obstruc- 
tion of  local  drainage,  caused  by  the  debris  of  old  moraines  on  the  retrocession  of 
the  glaciers  at  the  termination  of  a  glacial  epoch. 

The  three  principal  lakes  of  Kumaun,  Naini  T41,  Bhim  T&l,  and  Malwa  Tdl 
are  situated  in  three  separate,  but  parallel  and  adjacent  drainage  areas,  the  axis 
of  each  of  which  has  a  general  south-east  and  north-west  trend.  The  tract  of 
country  comprising  this  area  is  bounded  on  the  north  by  so  much  of  the  hiU 
range  as  extends  from  the  vicinity  of  Gagan  peak  (7,855  feet)  on  the  east  to  the 
Deoputhar  peak  (7,989  feet)  on  the  west.  Naini  Tal  Hes  a  little  below  a  horse-shoe 
shaped  eul  de  sacy  between  the  Deoputhar  and  Chini  peaks,  and  is  not  only  the 
largest  (slightly)  of  the  three,  but  the  nearest  to  the  culminating  ridge,  and  whose 
basin  may  be  said  to  display  more  obviously  than  the  others  the  action  of  ice 
in  its  shape  and  character. 

Its  effluent  waters  give  rise  to  the  Balia  river,  which  after  a  short  south-east- 
erly course,  joins  the  Grola  river  a  little  below  Ranibfigh.  Bhim  Tdl  receives  the 
drainage  of  the  heights  north  of  Bhuwali,  from  which  it  bears  exactly  south-east? 
while   7  miles  beyond  it.  in  the   same  direction  is  situated  Naukatchia  Tal 

'  For  a  map  the  reader  is  referred  to  Mr.  Ball's  paper  (/.  c). 
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(the  deepest  of  all  the  lakes  according  to  Mr.  Ball),  the  peculiar  featares  of  which 
I  shall  describe  farther  on.  Malwa  T^l  is  simply  an  expansion  of  the  Kalsa  river, 
-which  with  a  south-easterly  course  drains  the  Gagan  peak  and  adjoining  heights, 
the  drainage  of  all  and  the  whole  group  of  associated  lakes  being  ultimately 
conveyed  into  the  Gola  river. 

Bhim  T&l  and  its  neighbour  Naukatchia  T^l  are  separated  from  Malwa  TSl 
by  a  lofty  range  with  peaks  from  6,413  to  6,320  in  height ;  whilst  from  Naini 
Tdl,  Sdth  Tiil,  and  the  lakes  which  drain  into  the  Balia  river,  they  are  separated 
by  a  somewhat  lower  range  of  only  5,820  feet  in  height. 

The  most  remarkable  lakes  are  Bhim  T&l  and  Naukatchia  T&l,  and  their 
peculiar  relation  to  each  other  renders  it  desirable  to  consider  them  together. 

Bhim  TXl  h  Naukatchia  TIl. 

Even   the  new  1-inch  maps    of  the  country  give  no  adequate  idea  of  the 
peculiar  features  of  the  drainage  of  these  two  lakes.     For  example,  the  villages 
of  Dhansila  and  Padani  are  situated  on  opposite  sides  of  the  stream  which  con- 
veys away  the  surplus  waters  of  Bhim  T^,  a  fact  that  it  would  be  impossible 
to  surmise  from  the  map ;  indeed  so  far  as  I  can  make  out,  no  escape  whatever  for 
the  surplus  waters  of  Bhim  Tal  is  shown  on  the   1-inch  map.      One  thing  is  ap- 
parent on  the  ground,  and  has  been  noticed  by  Mr.  Ball,  that  the  present  drain- 
age of  Bhim  T£l  does  not  appear  to  be  in  the  same  direction  as  that  it  originally 
pursued,  and  I  would  extend  the  remark  to   Naukatchia  T41  as  well.   Bhim  Tdl 
and   Naukatchia  Tal  both   stand   in  the   same   general  south-east  line,  but  the 
actual  drainage  line  between  them  is  slightly  deflected  on  one  side  by  the  ridge 
on  which  Dhansila  stands.    At  present  the  surplus  waters  of  Bhim  Tal  make  their 
escape  about  the  centre  of  the  lake  on  its  east  side,  flowing  under  Dhansila    (that 
is,  to  the  north-east  of  it)  with  a  prevailing  south-east  course  as  already  stated. 
But  there  can  be  very  little  doubt  that  the  original  exit  of  the  waters  of  the  main 
valley,  of  which  a  submerged  section  now  constitutes  the  present  lake,  was  direct- 
ly to  the  south  and  to   the  west  of  Dhansila  instead  of  to  the  north-east  of  thai 
village.     My  explanation  of  course  is,  that  the  escape  waters  found  a  readier 
passage  through  the  lateral  moraine  skirting  the  east  bank  of  the  lake,  than  at 
the  original  point  of  discharge  to  the  south,  through  and  across  not  only   the 
accumulated  materials  of  the  principal  moraine,  but  the  added  accumulations  of 
the  eastern  or  lateral  moraine  (Mr.  Ball's   'houlder  *  bed  )  and  a  similar  accession 
from  the  western  slopes,  which  all  helped  to  jam  the  throat  of  the  gorge  to  the 
south.     Be  this  as  it  may,   the  surplus  waters  now  find   their  way   beneath 
Dhansila,  flowing  to  the  south-east,  till  at  a  little  less  than  halfway  to  Naukat- 
cilia  Tdl  they  are  met  by  the  surplus  watcps  of  that  lake,  flowing  in   an  exactly 
opposite  direction  to  the  north-west.     The  hydrographical  situation  is   peculiar, 
not  to  say  embarrassing,  but  the  result  is,  that  the  united  waters  of   both  lakes 
are  deflected   at  almost  a  right  angle  to  their  joint  courses,  and  flow  to  the  south- 
west, through  a  narrow  gorge  in  the  trap  ridge  on  which  Dhansila  stands,  into 
the  Gola  river.     Resuming  our  course  from  the  above  junction,  in  a  south-eastern 
direction,  and  which  would  be  called  doiun  the  valley,  but  for  the  anomaly  of  the 
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stream  flowing  iowanrds  na,  we  at  last  roach  Naukatohia  Til.  Facing  still  to  the 
south-east,  we  have  on  our  left  the  lofty  range  separating  the  yalley  from  Malwa 
T&l  and  on  our  right  the  low  range  on  whioh  Dhansila  and  Sirori  are  built*  In 
front  of  ns  is  Nankatchia  Til,  and  beyond  Nankatchia  Til  the  valley  comes  to  an 
abrupt  end,  and  a  very  remarkable  one. 

As  in  the  case  of  Bhim  T41,  so  in  the  present  instance  the  original  and 
natural  course  for  the  surplus  waters  of  Naukatohia  T41  woald  seem  to  be  to  the 
south  straight  into  the  Gola  river,  a  distance  of  but  a  little  over  6  miles,  instead 
ol  which  they  reach  the  Gola  by  a  circuitous  course  of  16  miles,  the  first  4 
of  which  seem  a  reversal,  as  &r  as  direction  goes,  of  the  original  drainage  of  the 
valley.  The  main  obstruction,  looking  acaross  the  lake  in  a  south-east  direction, 
is  a  low  hill,  somewhat  centrically  situated,  and  which  is  evidently  composed  of 
rock  in  sUu,  On  the  left  this  hill  is  united  with  the  Mahragaon  range  by  slop- 
ing ground,  much  masked  by  detritus  from  the  heights  above,  along  which  the 
road  from  Bhim  Tal  to  Malwa  Til  is  carried.  Here,  too,  I  think,  there  is  little 
doubt  that  the  valley  is  closed  to  a  higher  level  than  the  lake,  by  rock  in  situ. 
On  the  right  hand  side,  however,  of  the  central  hill,  such  does  not  appear  to 
be  the  case,  and  on  this  side  would  seem  to  be  the  original  and  natural  oatlet 
of  the  lake,  or  of  the  valley  prior  to  the  conversion  of  part  of  it  into  a  lake. 
The  only  obstacle  here  interposed  between  the  waters  of  the  lake  and  a  precipitous 
valley  leading  straight  down  into  the  G-ola  river,  is  what  I  may  designate  as  a 
causeway,  wherein  I  could  detect  no  rock  in  sUu^  and  whioh  resembles  nothing 
more  than  a  railway  embankment  connecting  the  central  hill  with  the  opposite  or 
south-west  side  of  the  valley.  This  bank  which  might  be  (not  that  I  wish  to  infer 
that  it  is  of  artificial  origin)  is  not  50  feet  broad  at  the  top  and  forms  the  watershed 
between  Naukatchia  Til  at  its  immediate  foot  on  one  side  and  a  sheer  descent 
into  the  G-ola  river  on  the  other;  it  has  no  appearance  of  a  'landslip'  and 
any  slip  from  the  central  hill  would  take  place  rather  to  the  south-east  which 
is  its  precipitous  side  than  to  the  south-west  where  this  bank  connects  it  with  the 
high  ground  opposite.  The  waters  of  the  lake  actually  rest  against  this  bank, 
without  any  intermediate  catchment  area  in  that  quarter,  and  yet  the  lake  is  a 
deep  one.  If,  then,  this  bank  is  not)  a  '  landslip, '  there  seems  no  resource  left 
but  to  regard  it  as  a  moraine,  which  crossed  the  valley  at  right  angles  from 
the  heights  behind  Mahragaon,  thereby  creating  the  lake  by  obstructing  the 
drainage.  Every  collateral  consideration  favours  this  view.  In  the  first  place, 
we  must  remember  that  there  is  every  reason  to  suppose  (as  remarked  by  Mr. 
Ball)  that  the  original  course  of  the  stream  (and  in  my  view,  of  the  glacier 
subsequently)  through  Bhim  Til  was  out  and  through  its  extreme  southern  end. 
Then  the  ground  between  Bhim  Til  and  Naukatchia  Til  is  so  open  and  level  as  to 
suggest  the  possibility  of  its  having  been  once  continuously  covered  by  a  lake 
embracing  in  its  limits  both  the  existing  lakes,  and  that  the  spot  below  Dhansila, 
where  the  escape  waters  from  both  lakes  meet,  was  originally  a  low  water-parting 
between  them.  On  the  supposition  that  the  lakes  were  once  united,  this  reversal 
of  conditions  is  easily  understood.  The  lakes  being  both  simultaneously  and 
similarly   blocked  at  their  natural   outlet  to  the  south,  continued  to  rise  and 
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spread,  till  their  united  waters  disoovered  the  weakest  part  of  the  barriers  enclos- 
ing them.  This  was  at  Dhansila,  which  at  once  became  the  point  of  discharge 
for  their  joint  waters,  the  constant  cutting  action  of  which  has  resulted  in  the 
features  the  ground  now  displays.  Whilst  then  the  glacier  of  Bhim  ^iX  was 
descending  west  of  Dhansila,  the  glaciers  descending  from  the  heights  between 
Hahragaon  (behind  Naukatchia  T61)  and  Padani,  were  pushing  straight  across 
the  ground  immediately  below  them,  with  the  result  that  the  Padani  glacier 
cut  through  the  trap  ridge,  and  initiated  the  channel  by  which  the  waters  of 
both  lakes  tiow  escape,  whilst  the  Mahragaon'  glacier  pursued  a  parallel  course 
west  of  Bitalahat,  its  '  moraines '  serving  to  impound  the  drainage  between 
Padani  and  Mahragaon,  thereby  creating  Naukatchia  T&l. 

The  point  of  supreme  interest  of  course  is,  why  a  circuitous  exit  across  a 
hard  trap  ridge  should  haye  been  selected  by  the  waters  of  both  lakes  in  pre- 
ference to  a  more  direct  and  undeniably  natural  course  across  the  apparently 
weaker  obstacle  of  a  landslip  or  '  boulder  bed.'  As  regards  a  boulder  bed  initi- 
ating a  lake,  I  may  observe  that  every  Himalayan  gorge  is  full  of  bouldera, 
but  in  no  instance  do  they  give  rise  to  Iskes.  A  flood  may  throw  a  bar  of  them 
across  the  channel,  but  the  next  flood  makes  a  clean  sweep  of  the  obstruction. 
Of  course  the  '  boulder  bed '  which  could  be  presumed  to  have  given  rise  to  the 
lake  could  not  have  itself  originated  therein,  and  besides  the  Kumaun  lakes,  from 
their  limited  dimensions  and  sheltered  situation,  do  not  produce  houlders^  being 
very  different  from  those  grand  Italian  lakes 

"  Tu  Lari  maxime,  tuque 
Fltustibus  etfremitu  assurgens,  SencLce,  marina,** 

and  in  the  deepest  of  them,  Naukatchia  T&l,  the  sides  may  be  seen  dipping  down 
at  a  steep  angle  and  composed  of  angular  fragments  evidently  never  disturbed 
by  wave  motion.     The  result  of  my  own  examination  of  the  point  of  exit  of  the 
joint  waters  below  Dhansila  was  veiy  instructive.     At  Dhansila  there  is  no  doubt 
of  the  ridge  whereon  it  stands  being  composed  of  rock  m  9%iu,  but  across  the 
gorge  through  which  the  stream  passes,  that  is,  exactly  south-east  of  Dhansila,  I 
could  detect  no  rock  in  situ.   The  entire  ground  is  covered  with  loose  subangular 
masses  of  hard  trap,  up  to  even  100  feet  girth,  but  no  rock  in  situ  could  I  detect 
after  a  careful  search.     There  are  some  rocks  of  course  which  from  their  com- 
position decompose  so  freely  at  the  surface,  that  it  is  not  easy  to  find  a  clean 
natural  section  or  exposure  of  them ;  but  such  is  not  the  character  of  the  harsh 
intractable  trap  of  Malwa  T£l  and  the  neighbourhood,  such  as  formed  the  bulk 
of  all  the  fragments  here  strewed  about.     To  me  the  conclusion  was  overwhelm- 
ing, that  I  was  on  the  '  moraine '  of  an  old  glacier  which  had  wound  past  Dhan- 
sila, and  along  whose  channel  the  escape   waters  of  the  two  lakes  had  made 
their  passage. 

The  ice  work  of  the  old  glacier,  sawing  its  way  across  the  obstructive  ridge 
at  Dhansila,  renders  it  easy  to  understand  how  the  waters  of  both  lakes,  on 
their  natural  point  of  discharge  being  blocked,  came  to  select  this  point  as  the 

1  That  aboTe  Naukatchia  Tfl,  not  th«  yillagta  of  th«  sam«  name,  north  of  Bhim  Tfi. 
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easiest  for  Uieir  new  coarse^  and  such  I  believe  to  be  the  true  explanation  of  an 
otherwise  pnzzling  phenomenon. 

The  only  thing  to  be  said  against  it  is,  that  it  must  stand  or  fall  with  the 
glacial  hypothesis  of  the  origin  of  the  lakes. 

Naini  TiL. 

Mj  notes  on  this  lake  need  only  be  brief,  as  I  have  already  noticed  the  chief 
points  wherein  I  differ  from  Mr.  Ball  respecting  it.  The  most  important  remark 
I  hare  to  make  is  regarding  what  remains  of  the  old  Naini  moraine.  Of  coarse 
I  regard  the  barrier  as  virtually  composed  of  old  moraine  materials;  but  imme- 
diately below  the  *  barrier '  the  '  moraine '  has  been  engulphed  in  the  steep  gorge, 
down  which  the  escape  waters  of  the  lake  precipitate  themselves  in  their  coarse 
to  the  Balia  river.  If,  however,  leaving  the  *  outfall'  of  the  lake,  we  go  along  the 
cart-road,  till  we  come  in  sight  of  the  Brewery  (Shardb-batti  of  the  1-inch  map) 
and  direct  our  eyes  beyond  it,  we  can  see  a  little  to  the  left  of  it  (and  of  course 
below  it)  a  small  hill.  This  lull,  in  my  opinion,  constitutes  one  of  the  most  pro- 
minent '  hummocks'  of  the  old  Naini  '  moraine,'  there  still  preserved  intact,  and  in 
situ.  The  stream  which  below  the '  outfall '  of  the  lake  has  cut  away  and  engulphed 
the  old  '  moraine '  in  the  chasm  worn  by  its  waters,  has  lower  down  found  an  easier 
channel  to  the  westward,  and  hence  for  some  distance  above  and  below  Suria  T&l, 
the  old  Naini  '  moraine  '  still  remains  intact.  Suria  T&l  is  indeed  merely  a  pool 
formed  by  the  local  drainage  being  shut  up  by  the  *  moraine '  sweeping  past  to 
the  south-west.  The  village  of  Gitia  (which  is  not  marked  on  the  map,  but  lies 
west  of  Suria  Til)  stands  on  the  *  moraine,'  and  below  it  spreads  a  highly  irre- 
gular, *  hummocky '  surface,  freckled  over  with  monstrous  angular  blocks  of  lime* 
stone,  derived  from  the  Naini  basin  and  constituting  the  actual  '  body  and  bones ' 
of  the  old  '  moraine.'  At  least  this  is  my  idea.  I  confess  I  did  see  a  difficulty 
once,  not  sufficient  to  outweigh  the  evidence  afforded  by  the  physical  character 
of  the  ground,  but  still  a  difficulty,  and  that  was,  that  the  section  displayed  on 
the  river  abreast  of  this  '  moraine '  was  one  of  ordinary  river  boulder  gravel ; 
very  coarse  no  doubt,  but  not  distinctly  marked  by  the  presence  in  it  of  the  huge 
erratic  masses  which  encumbered  the  surface  a  short  distance  off.  I  did  not  then 
know  what  my  last  season's  work  has  placed  beyond  all  question,  that  the  '  mo- 
raines, '  to  whose  action  I  attribute  the  formation  of  the  Kumaun  lakes,  are  far 
newer  than  the  old  gravels  filling  the  valleys,  and  on  which  old  gravels  they  may 
occasionally  be  seen  to  rest.  I  shall  not  here  enter  farther  on  this  important 
discovery,  beyond  saying  that  it  at  once  disposes  of  the  difficulty  I  once  felt  in 
the  fact  of  the  huge  '  erratics'  embedded  in  the  *  moraines '  (as  I  regard  them) 
not  being  seen  in  the  old  gravels ;  but  the  full  discussion  of  this  question  must  be 
reserved  for  another  paper. 

Malwa  TXl. 

This  lake,  if  the  form  of  its  basin  is  less  suggestive  of  a  glacier  than  is  the 
case  with  either  Naini  T&l  or  Bhim  T41,  is  one  which  it  is,  on  the  other  hand, 
more  difficult  to  regard  as  due  to  a  landslip  than  almost  any  lake  in  Kumaun. 
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It  liee  iu  the  direot  oourse  of  what  in  tilie  mms  mtifit  be  a  oonsideral^  river,  and 
though  the  sides  of  the  valley  are  steep,  thej  do  not  so  materiallj  differ  in  this  or 
any  other  respect  from  other  gorges  in  the  bills  as  to  afford  an  adequate  ez^^na- 
tion  why  a  '  slip  *  from  them  of  loose  maieriab  ribonld  produce  a  ressk  whicii  we 
cannot  trace  elsewhere  where  similar  physical  features  prevaiL  I  have  already 
dwelt  on  the  point  that  banks  of  shingle  (and  fallen  detritus  from  the  sides  of 
the  valley  would  share  the  same  fate)  do  not  in  Himalayan  streams,  be  they  large 
or  small,  give  rise  to  permanent  lakes,  and  it  is  thereto*  difficult  to  understand 
how  Malwa  Tal  comes  to  occupy  the  position  it  doee^  save  on  the  supposition  that 
it  lies  in  a  basin  cut  out  of  the  rock  by  a  glacier.  On  the  deeoent  to  Malwa  T4] 
by  the  road  from  Bhim  T&l  some  very  hard  and  massive  trap  is  seen,  and  it 
appears  as  though  a  band  of  this  rock  crosses  the  valley  just  below  the  lake.  If 
this  supposition  is  correct,  and  if  a  glacier  ever  did  descend  the  valley,  the  natnra] 
result  would  be  the  formation  of  a  rock  basin  in  the  position  now  occupied  by 
the  lake,  owing  to  the  more  energetic  excavation  effected  by  the  glacier  in  the 
comparatively  softer  rocks  above  than  on  the  hard  band  of  rocks  which  may  be 
considered  as  forming  the  lake  sill  at  its  point  of  dischaige.  It  is  true  Mr.  Ball 
declares  no  rock  in  8itu  is  there  visible,  but  without  admitting  that  this  fact  baa 
been  satisfactorily  established,  or  can  be  by  a  mere  supjsrficial  examination,  I 
would  suggest  ihB,i,  considering  the  steepness  of  the  sides  of  the  valley,  we  may 
not  unnaturally  expect  to  find  the  bottom  covered  with  a  considerable  aaaouni 
of  loose  debris,  quite  sufficient  to  conceal  any  exposure  of  rock  at  Hhe  surface. 

From  different  aspects,  therefore,  do  the  three  chief  lakes  of  Kumaun — ^Mahra 
Til  on  the  one  hand  and  Naini  T&l  and  Bhim  Til  on  the  other — give  strong 
countenance  to  the  idea  that  they  one  and  all  originate  from  glacial  agency. 

Kburpa  TXl. 

This  lake,  which  every  traveller  to  Naini  Til  from  Kiladungi  must  have 
remarked  after  turning  the  comer  of  the  spur  which  descends  from  Deoputhar 
peak,  is  a  little  cocked-hat  sort  of  depression,  immediately  below  the  road,  encir- 
clcd  by  rather  steep  sides,  and  with  no  visible  outlet.  Its  natural  outlet  should 
be  at  its  northern  end,  and  percolation  through  a  barrier  of  loose  stony  materials 
in  that  quarter  no  doubt  suffices  to  carry  off  its  surplus  waters.  But  what  is  the 
nature  of  this  barrier  P  The  choice  avowedly  lies  between  Mr.  Ball*s  theory  of 
lake  formation  in  these  hills  by  "landslips"  and  mine  by  "moraines.**  It  is  to 
be  regretted  that  Mr.  Ball  does  not  seem  to  have  examined  this  lake,  since  it  is 
one  which,  in  my  opinion,  places  the  "  landslip  "  theory  entirely  *  out  of  court.*  In 
the  case  of  Khurpa  T^l  the  only  direction  whence  the  materials  of  the  barrier 
almost  encircling  it  could  have  been  derived  by  a  slip  is  from  the  abrupt  flanks  of 
the  Deoputhar  spur  to  the  north-west.  But  the  lake  itself  nestles  at  the  foot  of  the 
spur  and  occupies  the  position  of  the  hypotenuse  of  the  slope  which  such  a  fall  of 
materials  would  have  created,  and  I  need  hardly  point  out,  that  no  forces  of  nature 
could  create  a  lake  in  such  a  position,  that  is,  on  the  slope  or  hypotenuse  of  a  mass 
of  fallen  rock.     Regarding  the  *  barrier,'  however,  as  a  *  moraine,'  no  difficulty  is 
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enoouiiered.  Tbe  glacier  whioli  brought  dawn  the ' momine '  in  qaestionydesoended 
in  a  flontlierly  diroction  from  the  peak  of  7,989  f eet,  standing  at  the  head  of  the  Naini 
basin,  and  from  the  opposite  side  from  that  whence  the  Naini  glacier  itself  de- 
acended.  The  Talley  traTersed  bj  this  glaeier  (and  along  which  the  road  to  Naini 
from  Kiladnngi  winds)  is  towax^  its  head  blodcedi  or  enenmbered  with  a  confused 
mass  of  angolar  blocks,  which  in  part  «t  least  represents  the  old  'moraine,'  though 
the  Deopnthar  lidge  and  the  larputhar  ridge  on  the  opposite  side  are  both  so 
steep  that  avalanches  and  landslips  may  hare  largely  added  to  its  original  mass. 
The  progressiye  movement^  however,  of  the  balk  of  this  mass  can,  I  think,  only 
have  been  effected  by  ice,  as  the  blocks  composing  it  are  so  large  and  angular,  the 
■lope  so  high,  and  the  surface  so  incapable  of  generating  a  lai^  stream,  from  tho 
water  sinking  engulphed  in  the  interstices  between  the  blocks,  that  fluviatile 
action  is  impossible.  Some  halfway  down  the  valley,  this  mass,  which  I  designate 
a  moraine,  terminates  in  a  steep  bluff,  precisely  resembling  on  a  large  scale  an 
nnfinished  railway  embankment,  and  below  this  lies  the  unnamed  lake  (or  lakes, 
for  the  map  shows  two),  across  the  outlet  sluice  of  which  the  road  is  carried 
towards  Naini  after  passing  Khurpa  T&L  Below  this  outlet  sluice  the  valley 
rapidly  falls  (the  mocraine  being  here  probably  engulphed  in  precisely  the  same 
fashion  as  is  the  case  below  the  Naini  outfall),  till  past  the  old  iron  furnace, 
which  stands  nearly  in  its  path,  when  the  usual  and  characteristic  components  of 
a  moraine  are  met  with  in  profusion  all  round  the  spot  on  which  the  large 
bungalow,  beyond  the  furnace,  is  built ;  and  it  is  this  moraine  which  intercepta 
a  small  portion  of  the  drainage  from  the  Deoputhar  spur,  and  thereby  gives  rise 
to  the  little  cocked-hat,  dignified  by  the  name  of  Khuipa  TH,  but  the  interest 
and  value  of  which  as  bearing  on  the  origin  of  the  Enmann  lakes  is  in  inverse 
ratio  to  its  tiny  dimensions.  There  is  one  point,  perhaps,  which  calls  for  notice  in 
connection  with  the  above  small  unnamed  lakes,  and  that  is,  that  they  lie  directly 
in  the  path  as  it  were  of  the  above  '  moraine '  (as  I  regard  it^  which  I  have 
described  as  tenninating  in  a  steep  bluff)  and  occupy  an  intearmediate  space, 
comparatively  free  from  large  blocks  between  the  moraine  above  them,  and  the 
similar  heterogenous  assemblage  of  rocky  materials,  met  with  lower  down  around 
Khurpa  T£l.  The  reason  is,  in  my  opinion,  not  &r  to  seek  if  we  reflect  on  the 
conditions  under  which  such  a  *  moraine '  was  formed  in  so  rod^  and  precipitous 
a  goi^  as  that  east  of  the  Deoputhar  ridge.  A  *  moraine '  is  made  up  in  vary- 
ing proportions,  according  to  the  character  of  the  rocks,  of  materials  projected  on 
to  it  in  a  more  or  less  irregular  fashion  from  both  sides  of  the  gorge  or  vidley 
down  which  it  is  slowly  progressing,  and  comparatively  bald  places  may  be  left 
on  it)  wherein  few  or  no  large  blocks  may  be  found.  The  same  aspect  of  the 
surface  may  also  be  induced  by  the  filling  up  of  irreg^ular  dips  therein  by 
ordinary  rain  wash,  the  silting  up  of  all  interstices  between  the  larger  blocks 
being  the  probable  cause  of  the  small  unnamed  lakes  in  question. 

SAth  Tal. 

The  group  of  Sath  T6\,  or  seven  lakes,  as  tho  name  implies,  is  represented  on 
tho  map  by  but  three— •namely,  a  small  one  to  the  north|  a  large  one  to  the  south, 
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evidentlj  compounded  of  two  or  more  oontigaons  bafiins  united,  and  a  minute  lake 
to  the  west.  As  in  the  case  of  Bhim  T&l  and  Nankatchia  Til  the  drainage  of 
these  lakes  can  only  be  indistinoUy  made  ont  from  the  map.  The  small  lake  to 
the  west  is  the  lowest,  and  the  drainage  &om  the  other  lakes  is  passed  through  it. 
It  is  mainly  remarkable,  as  affording  a  complete  disproof  of  the  notion  of  any 
overpowering  rush  of  water,  being  the  agent  whereby  the  large  blocks  seen  in  the 
barrier  of  the  large  lake  just  above  it  were  brought  down  to  their  present  position, 
as  any  such  rush  of  water  so  laden  with  stones  and  mud  must  have  simply 
obliterated  this  little  hollow,  as  easily  as  a  man's  thumb  wipes  out  a  spot  of  ink. 
The  barrier  below  it  is  of  large  rough  stones,  fallen  mainly  from  the  hills  adjoin- 
ing  it,  which  are  so  permeable  that  they  do  not  allow  its  waters  to  ever  stand  for 
long  at  a  high  level ;  but  although  thus  permeable  to  clear,  or  moderately  turbid 
water,  anything  like  a  moving  flood  of  mud  capable  of  bringing  down  enormous 
masses  of  rock,  must  have  filled  up  the  lake  flush  with  its  barrier,  and  then 
passed  onwards  down  the  gorge.  But  this  obliteration  of  the  tiny  basin  has  not 
occurred,  therefore  no  such  floods  can  have  ever  passed  over  it. 

The  uppermost  lake  to  the  north  is  a  little  cocked-hat  of  a  lake  with  steep 
sides  of  loose  materials,  and  without  visible  outlet,  in  this  respect  resembling 
Elhurpa  Til.  Its  surplus  waters,  however,  find  an  exit  by  percolation  throi^h 
the  barrier  (moraine)  separating  it  &om  the  larger  lake,  whose  surplus  watess 
they  join  below  the  barrier.  The  larger  lake  is  created  by  the  obstruction 
caused  by  the  above  barrier.  This  barrier  is  a  huge  bank  of  earth  and  stones, 
some  of  the  embedded  blocks  of  rocks  measaring  30  or  40  feet  in  girth.  This  mass 
of  materials,  which  I  cannot  but  regard  as  a  *•  moraine,'  has  crept  down  from 
almost  due  north,  till  arrested  by  the  hill  whereon  Siloti  stands.  The  impounded 
drainage  from  the  eastward  has  consequently  gathered  into  the  form  of  a  lake 
of  very  irregular  shape,  the  escape  waters  from  which  have  scoured  a  passage  for 
themselves,  between  the  termination  of  the  moraine  and  the  mountain  side, 
whereon  it  abuts,  and  whereby  it  became  arrested  and  deflected  to  the  west 
from  its  north  and  south  course.  It  is  an  objection  in  the  mind  of  some,  who 
are  opposed  to  the  idea  of  ice  action,  that  the  ultimate  source  or  head  of  this 
moraine  is  not  quite  a  mile  off.  This,  so  far  from  being  a  valid  obstacle  to  the 
view  adopted  by  me,  is  probably,  as  I  shall  endeavour  soon  to  show,  the  main 
cause  of  the  very  existence  now  of  the  lake,  and  moreover  such  objectors  should 
reflect  that  if  a  limited  catchment  area  is  opposed  to  the  genesis  of  a  large 
moraine,  a  fortiori  is  it  incapable  of  giving  birth  to  a  stream  adequate  to  trans* 
porting  such  blocks  as  help  to  form  the  barrier  in  question. 

CONGLUDIKO  BbMABES. 

Having  attempted  in  the  previous  pages  to  establish  a  case  in  favour  of  the 
idea  that  glaciers  have  been  the  proximate  agents  in  the  formation  of  the  lakes 
of  Kumaun,  if  not  by  the  actual  excavation  of  a  rock  basin  in  all  cases,  at  least 
by  the  obstruction,  caused  on  their  retrocession,  by  the  large  accumulations  of 
'moraine'  matter  abandoned  in  their  wake,  I  would  offer  a  few  words  touching 
some  objections  w^hich  may  be  urged  against  my  views. 
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It  will  not  be  contended,  I  think,  and  certainly  not  by  myself,  that  the 
Knmann  district  is  distinguished  coBteris  paribus,  as  regards  climate  or  as  regards 
any  occult  orographical  features,  from  any  similar  and  corresponding  area  of  the 
Himalayan  region  in  general.  If,  then,  the  Kumaun  lakes  are  due  to  glaciers, 
and  if  (as  I  hold)  similar  glacial  conditions  extended  far  and  wide  beyond  the 
limits  of  Kumaun,  how  comes  it,  it  may  not  impertinently  be  asked,  that  the 
entire  Himalayan  region  is  not  similarly  dotted  over  with  lakes,  large  and  small, 
as  in  a  part  of  Kumaun  ?  How  comes  a  cause,  exercised  over  so  wide  an  area, 
to  be  attested  by  results  confined  within  such  narrow  limits  P  For  my  part  I 
frankly  accept  the  first  deduction,  and  believe  that  the  entire  Himalayan  region 
was  once  dotted  over  with  lakes,  originating  in  the  same  causes  and  in  the  same 
manner  as  those  of  Kumaun,  but  from  the  physical  or  petrological  character  of 
the  rocks  in  the  vicinage  of  the  Kumaun  lakes  they  have  remained  (or  many 
of  them),  whilst  the  great  majoriiy  of  the  lakes  of  contemporary  origin  over  the 
entire  Himalayan  region  have  disappeared  under  the  operation  of  ordinary  denu- 
dational forces.  Malwa  Til  illustrates,  in  my  opinion,  the  process  in  question. 
It  is  one  of  the  largest  lakes  in  Kumaun,  and  possesses  out  of  all  comparison 
the  largest  catchment.  Under  any  circumstances  of  origin,  we  might  therefore 
expect  a  barrier  of  corresponding  dimensions.  But  *  barrier '  there  is  none  save 
the  artificial  sluice  wall.  True,  one  may  potter  about  the  outfall  without  detect- 
ing rock  in  situ,  but  there  is  nothing  analogous  to  the  mole-like  mass  which 
constitutes  the  '  barriers '  of  the  other  lakes.  Doubtless  the  reason  is,  the  flood 
waters  of  its  large  catchment  area  have  swept  the  whole  away,  and  the  lake 
owes  its  continued  existence  to  the  fact  of  its  having  been  endowed  with  not 
only  a  barrier,  but  a  true  rock  basin  likewise.  The  one  has  disappeared,  the 
other  remains.  This,  it  may  be  alleged,  is  mere  supposition,  but  it  is  not 
unwarranted,  I  think,  by  the  circumstances,  for  other  raison  cC  Stre  for  this  lake 
save  a  rock  basin,  I  can  imagine  none. 

The  hard  limestones,  traps,  and  trap-like  schists,  of  this  part  of  Kumaun 
readily  break  up  into  a  confused  heap  of  fragments  of  all  sizes,  and  the  fragments 
heaped  together  (as  I  argue  in  the  shape  of  moraines)  form  an  obstacle,  practi- 
cally, in  most  cases,  unassailable  by  the  slender  supply  of  water  passed  over 
them.  In  such  a  case  as  Malwa  Til  with  its  large  catchment  area,  the  '  barrier ' 
does  go.  In  Naini  T&l  and  perhaps  other  instances,  the  said  'barrier*  becomes 
attacked  in  places,  and  undercut  and  partially  engulphed  in  the  chasm  formed 
by  the  stream,  which  is  wholly  powerless  to  remove  it  in  any  more  direct  fashion, 
whilst  in  the  smaller  lakes,  with  no  catchment  area  to  speak  of,  beyond  their 
sloping  sides,  we  see  the  pent  up  waters  finding  their  way  out  by  percolation, 
through  the  loose  materials  which  surround  them. 

I  doubt  not  moreover  that  an  additional  argument  and  illustration  of  the 
view  here  set  forth  will  be  found  when  the  lakes  high  up  on  the  frontier  of 
Northern  Haz&ra  come  to  be  examined.  These,  too,  clearly  have  very  small  catch, 
ment  areas,  to  which,  as  in  Kumaun,  their  survival  is  probably  due,  but  political 
considerations  at  present  stand  in  the  way  of  a  European  spending  much  time  iu 
the  neighbourhood  of  the  independent  hill  tribes  iu  that  quarter. 
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On    TH8    DISCOTBRT    OF    A    CbLT    OF  PaLJBOLITHIC    TTPB    IN    TEN   PuNJAB,   by    W. 

ThbobaU),  Oeologieal  Survey  of  India. 

The  celt,   to   which   this  notice  refers,  is  interesting,  as  being  the  Brst 
specimen    of  these   articles  yet  discovered  in   the   Panjab,    so  far  as   I   am 
aware.     *  Chips '  and  '  scrapers,'  and  remarkably  fine  *  cores  *  of  chert,  have  been 
found  in  Sind,  but  no  larger  implements.     The  present  celt  is  composed  of  a  pale 
homogenons  limestone,  probably  of  nnmmnlitic  age,  and  presents  a  surface  much 
corroded  by  exposure  to  the  atmosphere,  the  stone  of  which  it  is  composed 
being  evidently  of  a  character  to  sufEer  materially  from  such  exposure.     The 
shape,  however,  of  the  article  and  the  peculiar  sinuous  edge,  the  result  of  chipping 
from  alternate  sides,  leaves  no  doubt  as  to  its  artificial  character.     It  is,  however, 
so  rudely  formed,  that  many  similar  specimens  might  escape  observation,  save  to 
the  practised  eye  of  one  familiar  with  such  objects,  and  it  is   hoped  that   tbe 
present  notice  of  this  *find*  may  result  in  the  discovery  of  other  specimens. 
It  was  picked  up  by  myself  on  February  21st,  1879,  on  the  surface  of  the  ground, 
exactly  opposite  the  village  of  Shodipur,  on  the  Indus,  25  miles  as  the  crow  flies 
in  a  south-west  direction  below  Attock.     On  showing  the  specimen  to  Kishen 
Singh,  of  the  Geological  Survey,  he  informed  me  he  had  once  picked  up  a  similar 
article  near  Bhotas,  but  being  in  doubt  as  to  its  character,  had  thrown  it  away 
again.     This  was  unfortunate,  but  I  mention  the  circumstance  to  direct  the 
attention  of  future  observers  to  the  probable  occurrence  of  these  articles  in  other 
parts  of  the  Punjab. 


PALJBONTOLOGICAL   NOTES  FBOK  THB   KaBHABBARI  AND   SoUTH   BbWAH    CoAL-FIELDS, 

by  OlTOKAB  Feistmantel,  M.D.,  PaloeorUologisty  Oeologieal  Survey  of  India, 

At  end  of  last  March  and  beginning  of  April,  I  had  an  opportunity  of 
re- visiting  the  Karharb&ri  coal-field,  and,  thanks  to  the  kindness  of  Mr.  W.  G. 
Olpherts,  C.E.,  F.G.S.,  the  present  manager  of  the  East  Indian  Railway  Com- 
pany's Collieries,  and  to  the  assistance  of  Mr.  N.  Miller,  Inspector  at  Passerabhia, 
I  could  collect  further  information  regarding  the  comparison  of  the  seams  and 
the  flora  at  the  various  places,  supplementary  to  the  views  advanced  in  my 
Talchir-Karharbdri  flora.''  I  had  the  good  fortune  to  collect  numerous  fossils  from 
the  second  seam,  from  which  none  were  hitherto  known.  Ab  will  be  seen 
hereafter,  this  flora  differs  to  a  certain  extent  from  that  of  the  lower  seam,  and 
it  would  therefore  appear  that,  although  the  parting  between  the  second  and  the 
bottom  seam  is  only  thin,  they  have  to  be  considered  as  distinct.  I  also 
obtained  specimens  from  the  other  seams,  so  it  will  be  well  to  say  a  few  words 
about  each  of  them.     I  shall  do  so  in  ascending  order. 

1.  No.  1  seam — bottom  seam. 
Fossils  from  this  coal  seam  are  enumerated  in  my  flora  from  eight  places, 

1  Pal.  Indica,  Ser.  XII,  pt.  1,  1879. 
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three  in  tlie    Serampur  area,^   and  five  in  the  Karharbari   area^  of  the  field. 
They  come  out  of  the  shales  in  the  roof  of  the  seam. 

It  is  this  seam  which  has  the  greatest  number  of  the  peculiar  fossils,  and  is 
most  closely  connected  with  the  Talchir  group.  Of  the  common  Damuda 
fossils  we  find  Olossopterts,  only  rarely,  and  of  Vertehraria,  only  two  very  small 
fragments  were  met  with  at  one  locality.  No.  5D  shaft,  Passerabhia. 

During  my  recent  visit  to  the  field,  I  did  not  collect  many  fossils  from  the 
bottom  seam,  but  I  happened  to  discover,  amongst  other  rock  specfmens  lying 
at  the  manager's  office  at  Giridi,  two  nice  specimens  of  fossils  which  Mr.  Olpherts 
was  kind  enough  to  present  to  our  Museum. 

One  of  the  specimens  is  from  the  bottom  seam  (No.  6D  shaft)  at  Passerabhia 
(Karharbari),  the  other  from  the  same  seam  (No.  IIA  shaft)  at  Buriadi 
(Serampur). 

I  also  secured  other  duplicate  fossils  from  these  two  shafts. 
There  are  amongst  them — 

Neurojpterts  valida,  Fstm.,  from  both  shafts. 
Noggerathiopsis  hislopi,  Fstm.,  also  from  both  shafts. 
Of  this  latter  the  two  specimens  presented  by  Mr.  Olpherts  are  very  largo 
leaves,  the  largest  we  at  present  know  from  India ;  they  will  be  figured  in  a 
supplemental  fasciculus  to  the  Talchir- Karharbari  flora  of  the  Pala^ontologia 
Indica ;  the  specimen  from  Buriadi  is  almost  complete,  the  basal  portion  only 
being  broken  off,  while  the  apical  poHion  is  perfect.  The  Passerabhia  specimen 
is  although  almost  as  large  as  the  former,  not  so  complete,  a  good  deal  of  the 
apical  portion  being  wanting ;  it  shows,  however,  quite  well  the  characters  of  the 
species,  and  must  originally  have  been  of  a  very  large  size. 

The  sections  of  these  two  shafts,    showing  the   position   of  the   fossiliferous 
shale,  have  been  given  in  my  Talchir- Karharbari  flora,^ .  to   which   I   now  refer. 
I    have   picked   up  a  few  fossils  at  a  new  locality.  No.  5  shaft,    Jogitand, 
which  also  works  the  bottom  seam.     I  give  the  section  in  descending  order* : — 

No.  5  shaft,  Jogitfuid. 

Soil 1' 

Sandy  brown  clay 38' 

Sandstone 18' 

Strong  dark  sbale 6'    9" 

Sandstone 47'    3" 

Strong  dark  shale  with  bands  of  coal  (includes  representative  of 

2nd  seam) 5'     3"  [Fossils   from 

the  base  of 

this  band. 
No.  1  seam :  coal 12' 


Total     .        .  127'    3" 


1  Buriadi  (llA);  Chunka  (Xos.  16  and  160  shafts). 

3  Passerabhia  (Nos.  5D  and  50  shafts)  ;  Mathadi  (No.  1);   Jogitand  (No.  2)  Domanighftt. 

3  Pal.  Indica,  Ser.  XII,  pt.  1,  pp.  36,  39. 

*  This  and  the  two  following  sections  were  kindly  supplied  by  Mr.  W.  O.  Olpherts. 

C 
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The  fossils  found  represent,  howeyer,  one  species  only : — 
Ndggerathiopsis  hialo^i,  Fstm. 

The  position  of  the  fossiliferons  band  is  the  same  as  in  No.  2  shaft  Jogitand 
(I  c.  pp.  42,  43)  ;  three  species  were  named  from  this  latter  shaft,  which  are  those 
of  the  bottom  seam  elsewhere. 

We  now  know,  therefore,  fossils  from  the  bottom  seam  from  the  following 
places : — 

KarharbAri  Passerabhia,  shafts  No.  5D,  No.  5G ;  Mdthadi,  shaft 

No.  1 ;   Jogitand,  shafts  No.  2,  No.  5  ;  Domahni  ghat. 

Bnriadi,   shaft  No.   IIA :   Chonka,   shafts  No.    16 
Serampnr  area.  and  No.  16G. 

The  thicknesses  of  the  bottom  seam  at  the  respectiye  places  are-^ 

11'  (including  3'  partings),   11'  (including  3'  partings),  13',  8*,  12',  9',  14', 

9',  12'  6^ 

The  coal  belongs  to  the  lowest  hitherto  known  in  India»  and  owes  perhaps  to 

this  circumstance  its  superior  quality. 

No^  2  seam. 

Already  in  my  Flora  of  the  Talchir-Karharbdri  beds  (I.  c,  pp.  39,  40)  when 
quoting  the  sections  of  shafts  Nos.  5D  and  5G  (Passerabhia),  I  indicated  tho 
existence  of  a  second  seam  above  the  bottom  seam,  separated  from  this  latter 
at  both  places  by  a  2'  6'  parting  of  laminated  sandstones  and  shales,  in  which 
the  fossils  of  the  bottom  seam  were  found ;  the  coal  measured  T  2''  and  7' 
respectively  ;  both  seams  are  worked  together  at  these  places. 

At  Jogitand  this  second  seam  is  much  thinner,  being  2!  6'  in  No.  2  shaft, 
and  being  represented  by  dark  shale  in  No.  5 ;  the  parting  of  black  shale  at  No.  2 
is  2'  6^  thick. 

At  Mathadi  the  second  seam  is  represented  by  only  very  thin  bands  of  coal, 
separated  by  6'  7^  sandstone  and  shale  from  the  bottom  seam.  At  Domahni  gh&t 
are  two  outcrops  of  coal,  one  of  which  is  the  second  seam ;  in  the  Serampur 
area  there  is  also  another  seam  close  above  the  bottom  seam  which  measures  at 
Buriadi  (shaft  llA)  2'  6^  at  Chunka  (shaft  16)  7'  6%  and  (shaft  16  G)  6', 
being  separated  from  the  bottom  seam  by  3'  3^  12'  6',  and  6'  6'  sandstone  and 
shale  partings,  from  which  latter  the  fossils  were  procured,  by  which  the  lower 
seam  here  was  correlated  with  the  same  in  the  Karharb^ri  area. 

No  fossils  were  up  till  lately  known  from  the  layers  above  the  second  seam,  the 
reason  of  which  certainly  lies  in  the  overlying  rock  at  the  places  mentioned 
consisting  of^.■tiandBtone  only,  which  is  very  badly  adapted  for  preservation  of 
plants. 

During  my  recent  visit,  however,  I  just  came  in  time  to  collect  fossils  at 
two  pits  which  work  the  second  seam  separately,  the  bottom  seam  being  not 
reached  yet,  or  not  cut  through,  so  that  I  am  now  able,  for  the  first  time,  to 
introduce  fossils  from  the  second  seam ;  the  two  shafts  fSre  in  the  Karharb&ri 
area,  at  Passerabhia,  and  their  numbers  are,   No.  24  (29  new)  and  No.  40   (33 
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new).     I  shall  name  the  fossils  from  each  separately,  quoting  also  the  sections  of 
the  shafts  to  show  the  position  of  the  fossiliferons  band. 

No,  24  (29  new)  shafts  Passerahhia, 

Section, 

Soil  and  brickwork 81' 4" 

Sandstone 114'  I" 

Coal 1'8" 

Sandstone 2^4" 

Coal 2' 8" 

Sandstone 15' G" 

Coal r 

Sandstone r  8" 

Shale 7"    Foasil;4    found    in 

this  band. 
Coal 1'8" 

Carbonaceous  shale 2" 

|Coal 9" 

Sof  t»  laminated  bright  coal      ....  2" 

Coal 3' 4" 

Carbonaceous  shale 5" 

Burnt  coal  (by  trap) 1' 7" 

Bottom  seam  not  reached. 

ItoTAL  .    184' 7" 


The  thickness  of  the  seam  is  therefore  7'  8',  with  7*  partings  of  shale,  which 
corresponds  well  with  the  thickness  of  the  second  seam  in  the  sections  of  shafts 
Nofi.  5D  and  5G*  (Passerabhia). 

The  fossiliferons  band  in  the  present  shaft  is  the  7'  shale  above  the  coal. 
It  is  very  dark  grey,  very  close,  shale  crowded  with  fossil  leaves,  which  partly 
are  in  so  dose  layers  that  it  is  diifficnlt  to  get  an  entire  leaf. 
The  fossils  are — 

Olossopteris  communis^  Fstm.   Very  numerous. 
Gatigamopteris  cyclopteroides,     Fstm. 
Noggerathiopsis  hislopiy  Fstm.  Bare* 

Shaft  No.  40  (33  new),  Passerabhia.^ 

Section, 

/  Soil  and  brickwork 9'  6" 

Sandstone 18'  3" 

.Coal 7'  11" 

[Sandstone 19'  4" 

Shale r  2" 

Sandstone 82'  1" 

Carried  over        .        .  IBS'  3" 

»  Pal.  Indica.  Ser.  XII.  pt  1, 1879,  pp.  39,  40. 

*  This  section  is  also  otherwise  of  interest,  showing  tlie  position  of  all  the  three  seams  of  this  area. 
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,/f 


2kd  seam 


Brougbt  forward  .  138'     3 

Dark  sandstone 4'  11" 

Sandstone 11'  10" 

Stony  coal 2'    3" 

Sandstone 10'     9' 

Stony  coal 6" 

Sandstone 17'     1" 

Shale  (fossiliferous) 10" 

Coal 1'  10" 

Carbonaceous  shale 2" 

Coal 1'    1" 

Burnt  Coal 4' 

Trap 1" 

Charred  Coal 1'    1" 

Sandstone 11" 

Carbonaceous  shale 2'    7" 

Sandstone 10" 

Shale 4" 

iBT  BEAU  .     Bottom  seam,  stony  and  burnt  .         .         .3' 

(Seam  not  cut  through) 

Total      .        .        .  202^  4" 


The  fossils  at  this  locality  were  more  various,  and  are  preserved  partly  in  a 
dark  fine,  grained  shale,  and  partly  in  a  more  sandy  rock.     They  are— 

Schizoneura  ?  (probably  P  gondwanensis) — ^two  specimenB,  rather  badly  preserved,  but 
Bhowing  apparently  an  arrangement  of  leaflets  like  in  Schizoneura,  with  dissolred 
sheaths. 

JSguisetaceous  stalks.    These  are  very  numerous,  and  all  of  the  same  kind,  t.f.,  veiy 

broadly  ribbed,  ribs  and  furrows  in  juxta-position.    They  are  presumably  the  stalks 

and  stems  of  the  same  plant,  to   which    the  above-mentioned   leaved  specimens 

belong,  probably  Schizoneura, 

Vertehraria  indica,  Royle. — Several  specimens  of  the  real  Damuda  form  ;  also  branched 
specimens. 

GangamopterU  eyclopteroides^  Fstm. — The  common  form. 

Olossopteris  communis^  Fstm. — Several  specimens. 

Glossopteris  sp. — A  more  oval  leaf,  with  comparatively  a  very  long  stalk. 

Noggerathiopsis  hislopi,  Fstm. — Several  specimens,  both   in  the  dark  shale  and  in 

the  more  sandy  variety. 

Seeds, — Small,  slightly  winged,  belonging  perhaps  to  Ndggerathiopsis. 

Taking  now  these  fossils  and  those  from  No.  24  into  close  consideration,  we 
find  that  althongh  the  second  seam  is  separated  from  the  bottom  seam  hj  & 
comparatively  thin  band  only,  yet  the  flora  has  a  slightly  different  character. 
Vertehraria  becomes  more  numerous,  and  Glossopteris,  although  representing  only 
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one  or  two  species,  occurs  in  greater  numbers.     Two  not  very  favourably  pre- 
served specimens  appear  to  represent  ScMzoneura  gondwwneiisis,  Fstm. 

No  fossils  were  found  as  yet  from  the  seam  above  the  bottom  seam  in  the 
Serampur  area,  but  the  correlation  of  the  second  seam  in  the  Karharbdri  area, 
with  that  in  the  Serampur  area,  is  apparently  correct,  the  bottom  seams  in  both 
areas  being  the  same. 

The  Srd  seam,  Passerahhm, 

There  is  not  much  new  to  be  reported  from  the  Srd  seam  area  (Z.  c.  p.  40).  I 
have  obtained  a  few  specimens  from  shaft  No.  17  B'  which  represent  a  species 
already  known  from  this  place,  viz,,  Noggerathiopsis  hislopi,  Bunb.;  some  speci- 
mens indicating  very  large  leaves. 

From  shaft  No.  17  C  I  have  obtained  one  specimen  which  contains  three 
forms  new  for  this  place  and  therefore  for  the  Srd  seam. 

Gangamopieru  comp.  angustifolia,  Mo'Coy. — One  leaf. 

Winged  seeds, — Of  the  same  kind  as  that  one  figured  by  me  from  Buriadi'  and  known 

also  from  Mohpdni.    Similar  seeds,  but  smaller,  are  also  known   from  the  Damuda 

and  Panchet  division.    I  take  them  to  represent  the  genus   SamaropsU  (comp 

parvula,  Heer  and  Schmalhausen). 
Seed, — Another  large  seed  also  was  found.  Of  this  I  can  form  no  idea  at  present,  but  I 

shall  figure  it  with  all  the  other  new  forms  in  a  supplement  to  the  Talchir-Karhar- 

bdri  flora. 

This  third  seam  appears  to  be  developed  in  the  northern  portion  of  the 
Karharbdri  area  only. 

No,  4  seam,  the  ^^hillnseam." 

In  my  already-mentioned  paper  I  also  mentioned  the  seams  on  the  Komaljoro 
and  Bhuddua  hills,  classing  them  as  a  4th  seam,  and  judging  from  some  fossils 
found  on  the  Komaljore  (Lumki)  hill,  and  from  the  very  much  higher  position  of 
the  seam,  I  represented  them  as  belonging  most  probably  to  the  Damuda  division. 
No  fossils  were  known  from  the  Bhuddua  hill.  This  time,  however,  I  collected 
some  fragments  from  above  the  coal ;  they  are  Olossopteris ;  they  are  of  course 
at  present  quite  insufficient  for  any  conclusive  decision,  but  I  think  there  are 
stratigraphical  points  enough  which,  in  combination  with  the  fossils  from  the 
Lumki  hill,  show  that  it  is  an  independent  seam. 

Bali  hill  in  the  western  portion  of  the  field  is  another  place  where  this 
"  hill  seam  "  is  represented.  I  have  not  yet  examined  this  locality,  but  intend  to 
do  so  on  the  first  opportunity,  as  it  is  probable  that  more  fossils  may  be  found 
there,  fi'om  which  the  horizon  may  be  better  fixed. 


*  The  sections  of  this  shaft,  as  well  as  of  the  other  one,  No.  17  C,  are  described  in  my  Talchir- 
Karhnrbari  flora,  I.  c,  p.  40-42,  where  I  also  named  the  fossils. 

•  Ibidem,  Plato  XXIV,  fig.  5. 
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The  relations  of  the  various  seams  may  be  shown  in  the  following  tabular 
list: — 


DiTlBIOV. 

Nnrnber 

of 

Beam. 

Western  portloa. 

Karharb4ri 
pt'rtioit. 

Berampnr  portion. 

fOBBXLB. 

Damuda 
IHviaion. 

4th 

"Hill   Beam"   on 
BaliHiU. 

"Bill    Beam"   on 
Bhnddua;  frair- 
montB  of  foBsils 

"Hill    seam**    on 
Lumki  HiU;  a 
few  foeaila. 

Named  in  my  Talchir  Ear- 
Iiarb4ri  Flora,  p.  44. 

Sphtnopieru  potymorpha, 
F«tm.  worthj  of  nofcioe. 

Barakars. 

P 

Aboat    MO'  land- 
atone  down  to 
the  next  Sfam. 

P 

r 

8rd 

r 

The  'outcrop  of 
attamsat   •)pnr- 

>  daha,  Lopaadlh 
and^atiflliat,in 
Khakoo  Biver. 

8rd  Seam  at  Pas- 
serabhia       No. 
170     and    17C 
ahalta. 

Named  le^WBt  VMS. 

BeBidea: 

Heer,  seed. 
Karharbiri  beds. 

2nd 

Talchir   • 
Divbion. 

Snd  seam  at  Pas- 
Berabhia(No.  U 
and  40  ahafta) 
Uahadi.  Jo^i- 
tandandDoma- 
hnL        roaaiU 
known  from  the 
firat  place. 

2nd  seam  at  Bnrl- 
adiandChonka. 

Identified  now  for  the  fint 
tlme:^ 

Sekigoneura  t     gnrnduMmtntk 
Fatm.;         fff«we#MB0M 
Btems:     VerMfntrim    •«> 
4floa,  Boyle;    Oangum»p 
t«ri$  epcUtpUroidm,  Ptitm. 
eUMopUna        commmw*, 
Fatm. ;  (rather  numeroiu) 
QUtm^pteria  another  wo.t 

Bmib.     ap.      (Feistm.) ; 
aeeda. 
Karharbaribeda. 

I 

lit 

Bottom    eeam    at 
PoBBer  a  b  h  i  a 
(No  6D,  No. 63) 
Mathadi  (No.  1) 
Jo^tand    (No. 
2and5),DomAh- 
nl. 

Bottom    Beam    at 
BnriadiiNo.  11  A), 
and  Chunk  a  (No. 
10  and  leU). 

Named  in  the  abere  work, 
p.  44.     Of    interast,   the 
two  iarge  learea  of  JTofyir- 

thia  ttme. 
Karharbari  beda. 

Talchir  Group. 


PALAONTOLOaiGAL  NOTES   FROM   THB    SOUTH   RbWAH   GoAL-FIBLD. 

From  this  extensive  coal-field  there  were  hitherto  comparatively  very  few 
fossils  known.  Those  we  possessed  were  plants  only,  and  belong  to  two  collec- 
tions; of  the  one  made  in  1861  by  Mr.  J.  G.  Modlicott  the .  specimens  were 
labeled  "South  Bewah'*  and  "Sohagpnr;"  the  former  designation  corresponds 
with  what  now  will  be  distingtdshed  afl  the  Gopat  river  area,  while  the  latter 
name  will  be  retained. 

Another  collection,  sent  by  Mr.  G.  A.  Hacket,  1872,  contains  a  few  fossil 
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plants  from  the  Son  river,  west  of  Gtutira,  a  place  that  is  also  represented  in  the 
collections  received  recently  from  Mr.  Hughes. 

From  those  fossils  and  their  equivalents  elsewhere  I  had  judged  that  they 
represent  the  Baniganj  (K&mthi)  group,  an  opinion  which  the  subsequent  collec- 
tions have  confirmed. 

Since  October  last  a  regular  survey  of  this  field  was  begun  by  Mr.  Hughes, 
who  has  already  been  fortunate  enough  to  procure  a  large  number  of  interesting 
fossils,  both  vegetable  and  animal,  which  are  of  great  importance  for  fixing  the 
horizon  of  the  beds. 

Mr.  Hughes  has  sent  two  collections ;  the  first  contained  plants  from  the 
Lower  and  animals  from  the  Upper  Gondwfinas.  The  former  I  was  able  to  include 
in  the  list  of  locahties  in  my  paper  (now  in  the  press)  on  the  Damuda-Panchet 
flora^ ;  they  all  were  of  the  Baniganj  (Kamthi)  horizon,  while  the  ^ynimftl 
remains  were  of  the  Maleri  horizon  of  the  Central  Provinces. 

The  second  collection  contained  Lower  and  Upper  Gondwiina  plants,  many  of 
great  interest ;  it  arrived  too  late  to  enable  me  to  insert  the  localities  of  Lower 
Oondw&na  fossils  in  the  alphabetical  Ust  in  my  detailed  work. 

This  collection  was  much  larger,  and  contained  fossils  from  many  more 
horizons,  also  several  new  species  of  plants.  In  anticipation  of  full  description 
and  illustration  I  may  now  give  a  brief  notice  of  them,  so  far  as  they  are 
known  with  certainty.  I  shall  enumerate  them  according  to  the  horizons,  and 
within  each  horizon  from  each  locality.  The  horizons  I  have  put  down  as  Mr. 
Hughes  has  provisionally  indicated  them  on  his  labels;  two  localities  for  which 
there  was  no  horizon  indicated,  I  have  placed  to  such  horizons  as  would  be 
assigned  to  them  .by  the  fossils  when  compared  with  already-established  classi- 
fications. I  also  include  the  older  collections  made  by  Mr.  J.  G.  Medlicott  and 
later  by  Mr.  G.  A.  Hacket. 

A,— LOWER  GONDWANAS. 
L  Talghib  Divibioh. — Talchir  group. 

Ooraia,  on  the  Johilla  river,  near  P&li,  Sing?rara  district. 

ColUetio  Haghes,  1880. 

JSquuetaceous  stem. — One  specimen  only,  with  a  fragmentary  stem,  showing  a 
fine  ribbing  on  the  surface,  bat  no  joint ;  may  be  eqoisetaceous. 

II.  Dahuda  Division. 
a.  Bardkar  group, 
Pdli  and  Johilla  rivers  (junction  of),  near  P&li. 

ColUciio  Hoghes,  1880. 

Glossopteris  communis,  Fstm.    Of  the  nsnal  type. 

Qangamopterii  cyelopteroideSf  Fstm.  There  is  one  leaf  which  I  cannot  distin- 
gninh  from  this  species. 


1  Pal.  Indica,  Ser.  XII,  pt  2. 
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Noggerathiopsis  (P  Rhiptozamites)  hislopi,  Banb.  sp  (Fstm.)  NumeroiiB  leaves  of 

various  sizes. 
Seeds,  small,  slightly  winged. 

I  mnst  confess  that  this  flora,  small  as  it  may  appear,  reminds  me  more  of 
that  of  tlie  2nd  and  3rd  seams  of  the  ElarharMri  coal-field  (Karharbdri  beds)  than 
of  the  typical  Barakar  group.  When  Mr.  Hngbes  next  season  takes  np  work 
again,  he  will  probably  succeed  in  procuring  a  few  more  fossils  whicb  may  decide 
the  question ;  in  the  meantime  they  may  remain  with  the  Barakar  group. 

h.  Raniganj  group  (and  K£mthis). 

With  this  group  I  include  also  those  localities  which  Mr.  Hughes  marked 
Kdmtbis.  Here  also  are  placed  the  fossils  collected  previously  by  Messrs.  J.  G. 
Medlicott  and  C.  A.  Hacket.  I  name  first  the  localities  from  the  northern 
portion  of  the  field,  from  the  Gopat  river  area ;  these  constitute  .also  the  lower 
Gondwana  fossils  of  the  first  collection  sent  by  Mr.  Hughes  in  March  1880 
Then  follow  those  in  the  Sohfigpur  district. 

a.  Gopat  river  area, 
Bajbai,  2  miles  west  of  Gopat  river,  lat.  24°  4',  long.  81°  67'. 

Collectio  Hughes,  1880. 

Schizoneura   gondwanensis,  Fstm.     Just  like  the  same  from  the  typical  Ranigan  j 

group,  Raniganj  field. 
Vertebraria  indira,  Royle.    Many  nice  tpecimens. 
Glossopteris  communis,  Fstm. 
Qlossopt.  indica,  Schimp. 
OlossopU  angustifolia,  Bgt. 

Ohanduidoly  about  8  miles  west-north-west  of  Bajbai,  and  about  3  miles  west 
of  Marhwas. 

Collectio  Hughes,  1880. 

Schizoneura  gondwanensis,  Fstm.    Typical  Baniganj  form. 
Olossopteris  formosa,  n.  sp.      Raniganj  species. 

MaJian  river  (tributary  of  Gopat  river),  between  Minarra  (Mirhara)  and  Gaja 
(Ganjar),  lat.  23'  67',  long.  81°  68'. 

Collectio  Hughes,  1880. 

Schizoneura  gondwanensis,  Fstm.      Typical  Raniganj  form. 

Olossopteris  communis,  Fstm. 

Glossopt,  angustifolia,  Bgt. 

Alethopteris  comp.  whithyensis,  Gopp.     I  have  no  means  to  distinguish  this  fern 

from  the  Jurassic  species. 
Angiopieridium.-^lsro  fragments  of  a  taniopieroid  fern  resembling  a  similar  one 
in  the  Kamthi  beds  of  the  Nagpur  area,  which  I  quoted  as  Angiopt,  comp. 
mc'clellandi  0.  M. 


PilQT  S.]  FetstmatUel:  Karharbdri  and  Smith  Rewah  Coal-fields,  185 

Mohan  river^  near  Minarra  (close  to  tlie  former  locality). 

Collectio  Haglies,  1880. 

SchisBoneura  gandwanensU,  Fstm.     Typical  Baniganj  form. 

OhssopterU  communis,  Fstm. 

Glossopt,  indica,  Scbimp. 

OlostopL  retiferat  Fstm.      Banigaiy  form. 

Ohssopt,  angiutifolia,  Bgt. 

Alethopteris  oomp.  tohitbyensis,  Qopp.    Ab  above. 

MaMn  river^  near  Tansar,  close  to  junction  with  Gopat  river,  north  of  the 

preceding  localify* 

Collectio  Hughes,  1880. 

Vertebraria  indica,  Boyle. 
GlossopUris  sp* 

Parasiy  west  of,— from  stream  running  between  Parafli  and  Knnjwar,  about  5 
miles  east  of  Gopat  river,  lat.  24**  2\  long.  82"  7\ 

Collectio  Hughes,  1880. 
Glossopterie,  sp.  Fragments. 

With  this  area  also  those  fossils  contained  in  our  collections  have  to  be  in- 
cluded which  were  collected  by  Mr.  J.  G.  Medlioott,  1861,  and  are  labelled  "  South 
Bewah."     The  fossils  are — 

Vertebraria  indica,  Royle. 

Stems. 

Olossopteris  communis,  Fstm. 

Noggerathiopsis  hislopi.  Bunb.  sp.  (Fstm.). 

VoUtia  heterophylla;  B^,    The  determination  of  this  species  from  this  coal-field 

is  now  confirmed  by  Mr.  Hughes'  recent  specimens. 
Small  seeds. 

These  fossils,  however,  correspond  very  much  with  those  of  the  next  following 
locality,  in  the  Soh^^ur  district. 

/3.  Sohdgpur  District. 

Hardi,  near — about  16  miles  south-east-south  of  Soh&gpur,  long.  81'  30\  lat. 

23**  6\ 

Collectio  Hughes,  1880. 

Vertebraria  indica,  Boyle. 

Olossopteris  communis,  Fstm. 

Noggerathiopsis  hislopi,  Bunb.  sp.  (Fstm). 

Voltzia  heterophylla,  Bgt.    Several  leaved  branchlets,  which  leave  no  doubt  about 

this  species. 
Samaropsis  oomp.  partmla,  Heer.    Winged  seeds,  known  also  from  other  places. 

Kachodhar,  about  11  miles  west  of  Soh^gpur. 

Collectio  Hughes,  1880. 
Olossopteris  communis,  Fstm.    One  leaf  peculiarly  folded. 
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Sohdgpur,  in  South  Bewail. 

Collectio  J.  G.  Medlicott,  1861. 
Tertebraria  indica,  Royle. 
OlossopterU  communis,  Fstm. 
Olossopterit  browniana,  B^ 
Olossopt.  damudiea,  Fstm. 

Son  river,  west  of  Gharara,  Soh&gpur  district. 

Collectio  Hacket,  1872. 

Fossils  in  a  dark  greenish.grey  sandy  shale.  Considering  the  fossils,  I  placed 
this  locality  with  the  Raniganj  (Eldmthi)  gronp,  which  now  by  Mr.  Hughes' 
fossils  from  the  same  locality  (see  next  locality)  is  farther  confirmed. 

The  fossils  were — 

Vertebraria  indiea,  Boyle. 

Maerotaniopteria  feddenit  Fstm.    Like  the  same  in  the  Kimthis  of  the  N&gpur 

area. 
OlostopUris  communis,  Fstm. 
JHctyopteridium  (P)  sp. 

Son  river,  near  QtiHird  (as  written  by  Mr.  Hughes — Gururu  on  the  Indian  Atlas) 
about  1  mile  east  of  Son  river,  long.  QV  23",  lat.  23''  28^. 

Collectio  Hughes,  1880. 
This  is  evidently  the  same  locality  as  that  above  mentioned  of  Mr.  Hacket. 
Mr.  Hughes'  fossils  are  in  two  kinds  of  shale,  one  dark  greenish-grey  sandy,  like 
in  Mr.  Hacket*s  specimens ;  the  other  light  yellowish-grey  soft  clay. shale. 
a.^Dark  greenish-grey  shale— 

Schizoneura  gondwanensis,  Fstm.     Raniganj  type. 
Olossopteris  communis,  Fstm. 
Olossopt,  indiea,  Schimp. 
Squama  gymnospermarum. 

These  fossils  leave  no  doubt  about  the  Raniganj  horizon  of  this  bed,  as  deter- 
mined already  before  by  me  from  Mr.  H|icket*s  specimens. 

6.— Light  yellowish-grey  shale. 
Olossopteris  angustiofolia,  Bgt. 

Rhipidopsis,  n.  sp.,  like  in  the  Kimthis  on  the  South  Qod&vari  (Knnlachern,  origi- 
nally a  genus  in  the  Russian  Jura  of  the  Petschora  country). 

Son  river,  opposite  Sarsi. 

Collectio  Hughes,  1880. 
Schizoneura  gondwanensis,  Fstm.     Very  big  leaves  (or,  better  said,  portions  of  the 

leaf  spath.) 
Olossopteris  browniana,  Bgt. 

These  fossils  leave  indeed  no  doubt  as  to  the  establishment  of  the  typical 
Raniganj  group  in  this  region,  as  is  especially  illustrated  by  the  numerous  occur- 
rence  of  Schizoneura  gondwanensis,   Fstm.,  and  several  species   of   Qlossoptem, 
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occttrring  mostly  in  the  Baniganj  group.  We  can  in  feet  say,  Schizonewra  is  the 
characteristie  feature  of  these  localities  in  South  Bewab,  and  is  more  widely  dis- 
tributed here  than  Vertebraria^  as  out  of  eleven  localities,  Schizoneura  occurred  in 
six  and  in  great  numbers,  while  Vertehraria  was  found  only  at  five  localities.  Of 
other  fossils  I  would  specially  point  out  the  following : — 

Macrotcenwpterts  feddendy  Fstm.  )  both  of  the    typical  Baniganj 

Olossopteris  formoBa^  n.  sp.,  retifera^  Fstm.,  i     group. 

-4Ze^Aopfem,— There  are  two  pinned  of  an  Alethopteris  which  has  to  be  referred 
to  the  group  of  AL  whithyensis,  Gopp.  A  fragment  of  an  Angiopteridivm  has  to 
be  referred  to  Ang,  mc^Olellandu 

VoUzia  heterophyllay  Bgt.,  which  we  already  know  from  the  Karharbdri  beds, 
is  here  again  represented  in  the  Baniganj  group,  and  not  rare. 

e.  Supra'Dwrnvdas, 

On  the  labels  of  several  fossils  from  two  localities  Mr.  Hughes  has  indicated 
the  horizon  as  "  Supra-Damudas."  To  judge,  however,  from  the  fossils  and  from 
petrographical  character  of  the  specimens,  the  fossils  indicate  lower  Gond- 
wiinas,  although  representing  perhaps  two  horizons. 

Daigaon^  on  the  Johilla  river,  about  4  miles  north-west  of  P&li. 

Collectio  Hughes,  1880. 
Vertebraria  indiea,  Boyle. 

According  to  our  present  knowledge,  Vertebraria  is  especially  typical  of  the 
Damuda  division,*  and  in  default  of  other  fossils,  I  would  consider  this  locality 
to  belong  to  this  division ;  it  may  be  Baniganj  (Kimthi)  group. 

Parsora  (south  tolah),  near  BeH,  about  6  miles  north-north-east  of  Pdli. 

OoUedio  Hughes,  1880. 

The  fossils  £rom  this  locality  are  very  interesting,  especially  one  new  species. 
They  are  preserved  in  a  red-brown,  highly  ferruginons,  micaceous  shale,  com- 
pletely agreeing  with  the  rock  in  which  Mr.  Y.  Ball's  fossils  from  Latiahar,  in 
the  Auranga  coal-field,  are  preserved,  which  as  to  the  horizon'  were  left  undecided, 
although  Mr.  Ball  thought  that  they  are  probably  ''MahAdevas."  Considering, 
however,  the  fossils,  amongst  which  there  is  Vertebraria  and  Olossopteris^  I 
treated  this  locality*  as  belonging  to  the  Panchets,  and  it  might  be  the  same 
case  with  the  present  locality  in  South  Bewah,  and  the  more  so  as  the  fossils 
would  perhaps  support  that  view. 

The  fossils 


Danaopsis. — ^A  new  speoies — in  nameroos  specimens. 
Of  this  genus  there  were  hitherto  known  with  certainty  only  two  species, 

*  There  aze  several  specimens  known  from  the  Karharbari  beds  of  the  Karharb&ri  coal-field 
and  also  from  a  doubtful  localitj^  in  the  Auranga  coal-field,  which  probably  is  PancheUi  bat,  as  a 
rule,  it  is  a  fossil  of  the  Damudas. 

>  Ball,  Mem.  Oeol.  Survey  of  India,  Vol.  XV,  pt.  2,  p.  89. 

*  Pal.  iiidica,  Ser.  XII,  pt.  2,  p.  9.    (To  be  issued  shortly.) 
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D.  marantaceay  Heer,  from  the  German  Keuper  (Upper  Trias),  and  DancBoptis 
rqjmahalensis,  Fstm.,  from  the  B&jmah&l  group  in  Bengal  (fUjmahil  hills). 
The  present  species  differs  from  both.  It  is  a  much  larger  form  than  D.  rajma^ 
halensis,  Fstm.,  as  is  especiallj  seen  from  the  thickness  of  the  rhachis  and  the 
midribs  of  the  pinnnlsB ;  the  veins  also  have  another  direction  in  D.  rajmahaleimSf 
passing  out  at  a  more  acute  angle  from  the  rhachis  and  running  straighter  to  the 
margin.  Dandeopsts  marantaeea^  on  the  other  hand,  is  again  bigger  than  our  pre- 
sent species,  the  whole  frond  appears  much  larger,  the  pinnulie  longer,  the  midribs 
thicker,  and  especially  the  top  pinnulse  much  larger.  There  are  two  specimens 
in  Mr.  Hughes'  collection,  showing  the  top  pinnula,  which  is  shorter  than  the 
other  pinnulsdy  while  in  Dan.  maratUaceay  Heer,  the  top  pinnula  was  equal  in 
size  to  the  others.  I  refer  especiallj  to  Schimper's  figure  Tr.  d.  Pal.  v^g6t., 
PI.  XXXYII.  The  secondary  veins  in  Dan.  marantacea  agree  well  with  those 
in  our  present  species. 

But  there  is  an  important  character  in  our  present  species  of  Danceopsis; 
the  primary  rhachis  of  the  frond  is  dichotomously  forked^  as  is  shown  distinctly 
by  about  six  specimens  ;  the  pinnulsa  at  the  beginning  of  the  fork  on  the  inner 
side  being  represented  by  lobes  only.  Below  the  furcation  the  pinnulie  are  also 
only  small.  We  shall  have  to  take  this  present  species  as  intermediate  between 
P»  rajmahalensis,  Fstm.,  and  D.  marantacea^  Heer,  with  closer  relation  to  the 
latter.  All  other  details  will  be  given  subsequently  with  illustrations.  It  will 
be  described  as  B.  hughesi, 

Thinnfeldia  comp.  odoniopteroides,  Moor.  sp.  There  are  three  fragments  of 
fronds,  with  forked  rhachis,  which  have  entirely  the  aspect  of  Thinnfeldia  odon^ 
topteroideSf  Moor.  sp.  A  similar  fern  was  already  brought  by  Mr.  Grriesbach  from 
the  Panchets  of  the  Bamkola  coal-field,  and  this  plant  would  be  a  support  for  the 
view  of  the  locality  under  discussion  being  of  the  same  horizon. 

Neuropteridium^  sp.  There  is  a  portion  of  a  frond  which  appears  to  be  single 
pinnate  and  belongs  to  Professor  Schimper's  triassic  group  of  Neuropterii^  dis- 
tinguished as  Neuropteridimn.  We  know  already  one  species  from  the  Karhar- 
b&ri  beds.     The  present  one  appears  to  be  different. 

Noggerathiopsis  hislopi,  Bunb.,  sp.  Portions  of  large  leaves.  This  species  is 
known  from  the  whole  Talchir  and  Damuda  division. 

This  is  certainly  a  very  interesting  association  of  forms,  but  it  no  doubt 
shows  that  this  locality  has  to  be  considered  as  belonging  to  the  Lower 
Gondwdnas,  probably  Panchets,  but  Danceopsis  would  be  another  form  helping  to 
bridge  over  the  break  between  the  lower  and  upper  Gondw&nas. 

B.-.UPPBR  GONDWlNAS. 
a.  Malebi  beds. 

The  most  important  discovery  made  by  Mr.  Hughes  is,  I  think,  that  of  the 
Maleri  horizon  (of  the  Goddvari  basin)  in  South  Brcwah.  It  is  undoubtedly 
established  by  numerous  bones  of  land  animals,  the  same  as  those  in  the  Central 
Provinces. 
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Tihi,  about  6  miles  sonih  of  Beobari,  long.  81**  25',  lat.  23''  56*. 

Oollectio  Hughes,  1880. 

Para9vchu8  Mslopi,  Huxley  (MSS.)  represented  by  portions  of  jaws,  several 
teeth,  numerous  fragments  of  dermal  scutes,  vertebres,  and  other  bones.  They 
represent  an  animal  about  equal  in  size  to  that  of  the  Maleri  beds  in  the  Central 
Provinces. 

HyperodapedoTiy  sp.  Jaws,  apparently  of  the  same  animal  as  that  of  the 
Central  Provinces,  but  three  of  the  jaws  are  larger  than  any  hitherto  known  from 
the  latter  place. 

Unio,  sp.     Several  specimens  of  a  small  TJnio-like  shell  also  occur. 

h.    Jabalpub  Group. 
There  is  another  horizon  of  importance  in  this  coal-field,  as  it  contains  besides 
most  of  the  Jabalpur  plants  of  the  Satpura  basin,  also  others,  and  especially  one 
species  characteristic  of,  and  hitherto  only  known  from,  the  intermediate  beds'  of 
the  upper  Oondwdnas  on  the  south-east  coast  of  India. 

Bansay  on  the  Machrar  river,  about  6  miles  south-west  of  Chandia. 

Colleetio  Hughes,  1880. 

Aleihopieris  whithyensis,  Gopp.    Typical  fonn. 

Alethopieris  indica,  0.  M.    Probably  only  a  larger  variety  of  tl^e  former. 

Alethopteris  fnedlicottiana,  Fstm.    The  same  typical  form  as  from  near  Jabalpur. 

Besides  these,  there  are  three  other  ferns  which  require  further  examination. 

Podozamites  lanceolatus,  L.  &  H.    Numerous  specimens. 

JPtilophyllum  eutehense.  Moor.,  in  dark  sandy  shale,  resembling  similar  shales  from 
the  Sher  and  Hard  rivers. 

A  cyeadeaceous  fmitleaf  P 

Taxites  tenerrimus,  Fstm.,  a  Jabalpur  group  species. 

Tarites  planus,  Fstm.  At  first  described  from  the  Bagavapuram  shales,  the  Sri- 
permatur  group,  and  the  Yem&veram  shales,  now  here  represented  by  several 
specimens,  one  a  very  fine  one.  I  think  we  have  to  consider  this  species  as 
surviving  from  these  intermediate  beds  on  the  south-east  coast  into  the 
Jabalpur  group  of  South  Bewah ;  it  is  not  met  with  in  the  Jabalpur  group  of 
the  S4tpura  basin. 

Brachyphyllum  mammillare  L.  &  H.,  completely  the  same  form  as  in  the  typical 
Jabalpur  group  near  Jabalpur. 

Echinostrohtu  rhombicus,  Fstm. 

Araucarites  cutchetuu,  Fstm.    The  same  as  in  Cutch  and  the  topical  Jabalpur 

group. 
Oingko,  sp.,  a  small  leaf  with  a  thin  stalk. 
Some  other  coniferous  branches. 

It  will  be  very  interesting  to  learn  from  Mr.  Hughes'  descriptions  in  what 
relation  is  Jabalpur  group  is  to  the  Maleri  beds  of  Tiki. 

To  make  this  list  of  fossils  from  South  Bewah  complete,  I  have  still  to  quote 

*  Kagavapuran  shales,  SripermatAr  groups  Yemaveram  shales. 
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a  few  fossils  wliich  in  1872  were  brought  by  Mr.  Hacket  Tbej  were  already 
mentioBed,  and  some  figured  in  mj  Jabalpur  Flora  ^  and  referred  to  as  from 
"  Soutb  Bewah.'*  I  have  since  found  a  label  referring  to  these  South  Bewah 
fossils  and  giving  some  information  aa  to  the  locality. 

Ohandiaf  small  nadi  south  of, — South  Bewah,  Singwara  district. 

Coll0cHo  Racket,  1872. 
1877.    Feistmantel,  Flora  of  the  Jabalpur  gronp,  etc  ,  Pal.  Ind.,  IX.,  2. 

Alethopteris  medlicotHana,  Fstm.,  a  small  Bpecimen  not  mentioned  in  my  Jabalpur 
flora,  found  subsequently,  will  be  fibred  together  with  Mr.  Hui^hee'  specimens. 
SagenopierU  ?  sp.,*  Feistm.,  U  c,  p.  10,*PI.  Ill,  fig.  6. 
Podozamites  laneeolatus,  L.  &  H.,  /.  e.,  p.  11,    PI.  Ill,  figs.  7,8,  11, 12. 
Podozamites  spathulatust  Fstm.,  /.  c,  p.  12,  PI.  IV,  figs.  11,  12. 
Araucarites  cuieh€nsf$,  Fstm.,  I.  <?.,  p.  16,    PL  XIV,  figs.  11 — 13. 
Eehinosirohu9  expatuM,  Schimp.,  p.  17,  PI.  XI,  fig.  6. 
JErh.  rhombicus,  Fstm.,  /.  e.,  p.  18,  PL  XI,  figs.  6—11. 


Further  hotbs  on  the  correlation  op  the  GondwXna  flora  with  other  floras 
by  Ottokar  Feistmantel,  M.D.,  PalcBontologisf-,  Ghologteal  Survey  of  Inditi. 

Flora  of  the  KtAgneth  bcuin  and  Tungusha  river,  Siberia. 

In  a  short  note  in  the  first  number  of  this  year's  Records  with  reference  to  a 
preliminary  paper  of  Mr.  Schmalhausen  on  the  jurASsio  flora  of  the  Ensnesk  basin 
and  Tungska  riyer,  I  compared  the  Indian  (and  Australian)  leaves  formerly 
known  as  Noggerathia^  but  distinguished  by  me  as  Noggerathiopsis,  with  the  Sibe- 
rian Ehiptozamites  Schmalh,  which  also  had  at  first  been  described  as  Noggeraihia, 
I  have  since  received  Prof.  Schmalhausen's  work,  illustrated  with  sixteen  plates,* 
and  I  would  now  complete  my  reference  to  his  observations. 

My  supposition  of  our  Ndggerathtop8i$  and  the  Siberian  EkiptoaamiteSy  Schmalh. 
being  in  closest  relation  is  now  confirmed.  The  size  and  form  of  the  leaves 
and  the  characters  of  the  veins  is  in  both  genera  completely  identical;  the 
only  difference  between  them  being  that  the  veins  in  EhipiOMamitee  are  closer. 
This  character  might  eventually  be  taken  as  a  specifical  distinction  only,  while 
yet  the  two  genera  might  be  identical.  This  of  course  is  not  necessarily  of  much 
consequence  regarding  the  correlation  of  the  two  formations  in  which  these 
genera  are  found ;  but  their  close  generical  relation  (perhaps  identity)  is  of  great 
importance  in  fixing  the  systematical  position  of  the  one  from  the  other. 

Prof.  Schmalhausen  places  his  Ehiptozamites  *  (which  name  by  itself  implies  the 

^  Pal.  Indica,  Ser.  IX.  pt.  2. 

'  In  the  paper  quoted  the  locality  of  this  fossil  is  by  mistake  given  as  Jabalpur  instead  of 
^nth  Rewah. 

*  Beitriige   znr  .Tnra-Flora    Russlands,  von  Job  Sehmalhausen,  in    Mem.  de  TAcad.  Iinp^. 
des  Se.  de  St.  Petersbourg  VII,  Ser.,  Tome  XXVII.,  No.  4. 
4  ^iirrw-  to  c'^t  oif,  and  Zamia — botanical  name. 
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cjcadeaoeous  nature)  with  the  Cycadea/ietBi  together  with  well-known  cjcadea- 
oeons  genera,  such  as  Otenophyllum^  DioonUes,  and  Podozamites ;  in  the  first 
instance  these  leaves  {Rhiptozamites)  which  are  described  as  pinnate  (I  used  for 
the  Indian  leaves  the  expression /bZm  Jmerialibvi),  are  compared  with  forms  of 
Podozamites,  as  I  also  had  done  with  the  Indian  leaves,  before  Prof.  Schmal- 
hausen's  paper  was  in  my  hands.  ^ 

The  Siberian  leaves  are  described  as  deciduous,  being  generally  found  as  single 
leaves ;  this  certainly  was  also  the  case  with  the  Indian  forms,  as  all  the  leaves 
hitherto  found  were  detached  {l.c,  p.  24). 

Prof.  Schmalhausen  also  points  to  the  unequilateral  shape  of  the  leaves, 
adducing  this  as  a  character  in  favour  of  the  view  of  the  fronds  having  been  pin- 
nate, in  which  case  the  leaves  generally  met  with  would  be  the  pinnulao.  A 
similar  character  had  already  been  observed  in  the  Indian  leaves  from  the  Nigpur 
area  by  Sir  Ch.  Bunbury,  who  expressed  it  by  saying  the  leaves  were  "  not  sym- 
metrical, but  very  slightly  oblique,"  and  I  confirmed  it  subsequently  from  the 
Karharb&ri  specimens  (Z.  c.  p,  24  and  figures) ;  it  is  seen  also  in  all  the 
specimens  from  the  other  localities,  so  that  we  may  fairly  use  this  character  in 
support  of  the  view  that  the  detached  leaflets  belonged  to  a  pinnate  frond. 
Amongst  the  Indian  specimens  not  one  has  been  observed  showing  the  connection 
with  the  stalk ;  but  there  are  several  specimens  (from  the  Baniganj  field,  from 
South  Bewah,  and  the  S&tpura  basin)  which  show  such  an  association  of  two 
or  three  leaves  as  forcibly  reminds  us  of  an  arrangement  of  the  pinnulsB  in  a 
pinnate  leaf. 

With  this  close  generical  relation  (eventually  identity)  of  Ehiptozamites 
Schmalh.  and  Noggerathiopsie,  Fstm.  in  view,  we  are  completely  justified  in 
placing  these  latter  also  with  the  order  Oycadeacea,  family  Zamiece,  and  have  to 
compare  them,  as  I  have  already  done,  with  the  fossil  Podozamites,  which  is 
essentially  a  mesozoic  and  prominently  Jurassic  genus,  known  in  the  Upper 
Gondw&nas  in  India,  in  the  Kusnezk  basis  in  the  Altai  (in  association  with 
Bhiptozamites),  and  in  the  jura  of  E.  Siberia  and  in  the  Amur  countries;  also 
numerous  in  Europe.  This  cycadeaceous  plant,  Noggeraihuypsie,  is  rather 
numerous  in  the  Lower  G-ondw&nas ;  it  occurs  in— 

{Talchir  gronp :  rare  (Deoghor). 
Karhaii)^  beds:  very  nameroos  both  in  fche  Karharb^ri  field 
(No0.  l»  2,  8  seams)  and  in  the  Mohp^ni  coal-field. 

Baiikar  group:  lUmkola  coal-field.  South  Bewah  coal-field,  S^tpura, 
basin  (Shahpur  and  Umr^t). 
Dahuda  Ditibiok  ...  4  Raniganj   (E[£mthi)  :  Raniganj   ooal-field  (rare) ;    South    Rewah 

I      (frequent). 
(^N^pur  district  (Ktothis) :  numerous. 

This  Noggerathiopsis  forms  in  the  Lower  Gondw&nas  just  as  prominent  a 
feature  as  Pterophyllum,  or  Cycadites,  or  Podozamites  does  in  the  Upper  Gondw^nas, 
and  consequently  the  great  break  between  the  Lower  and  Upper  Gondw&nas  is 

1    Pal.  Indica,  Ser.  XII,  1,  p.  23. 
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now — as  regards  at  least  the'  Oycadeacem — to  a  great  extent  removed.     This  break 

is  still  more  filled  in  by  the  interesting  circmnstance  (to  be  noticed  presently) 
that  there  are  other  forms,  both  in  the  Lower  and  Upper  Gk)ndw&na8,  which  find 
their  close  analogies  or  identical  representatives  in  the  Jura  of  the  Altai  and 
Siberia  and  elsewhere. 

Before  proceeding  to  this  point,  the  systematical  position  and  analogies  of 
NoggerathiopsiSy  Fstm.,  may  be  therefore  expressed  thns — 

OYCADEACEM. 

a.   ZAMIEiS. 

NdggerathiopMUt  Fstm.   NdggerathioptU,  Fstm.  Mhipiozamites,  Schmalb.      Podozamiiei,  Br. 

Palffiozoic-Australia       Lower  Gondwfoas.      Jura-Altai  and  the    •^"!!:t1?.^s.w^'1T'> 
(N.S.  Wales).  India.  Tunguska  River.  Sljjwh^ 

The  Jurassic  flora  described  by  Professor  Schmalhaosen  from  the  Altai 
M^-  and  the  Tnngoska  river,^  is  further  interesting,  as  it  contains  seyeral  forms 
partly  identical  with  and  partly  closely  related  to  species  in  the  Upx>er  and 
Lower  Gondwdnas  of  India,  representing  thns,  so  to  speak,  an  amalgamation  of 
parts  of  both.  Taking  also  the  other  Jurassic  floras  of  E.  Siberia  and  the 
Amur  countries  (Heer)  into  consideration,  we  can  establish  the  following  list  of 
correlations  :-- 

GONDWANA  SYSTEM— India.  JURA— Sibsbia,  xtc. 

0.  Ufpbb  Govdwavab. 

Alethopteru  whiibyen$is,  G6j^^.    Each  and  "^ 

Jabalpnr    group;     Sripermatur     group  I  ^     ,    .           ,.,,             „ 

(Sripenn.turBndVeniivoT.m).                  \  MpUmum  «.*.%«,,.   Hoor    (Sibem    and 

Aletkcpteris  indica.  Oldh.  and  Morr.  Sri- 1  ^°""  conntn*.). 

permatur  and  RiLjmahil  group.  J 

Dickaonia  bindrabunensiB,    Fstm.   R^jmah&l  Dieksouia  eoneinna,  Heer.    Amur  coontrios. 

group. 

FodozamiUa  lanceottUm,  Sebimp.    Jabalpur  Podogimiie»     Itmeeolahu,     eiohwaldi,    etc. 

and  Sripermatur  gproup.  B.  Siberia  and  the  Altu. 

Anomozamitei  {Pierophyllum)  prineeps,  O.  M.  A»omotamiUg  gehmidii,  Heer.    Amur  coun- 

R^jmahti  group.  tries. 

Anomoeamitet  lindleganui,  Schimp.  Sriper-  AnomotamUei  lindleganus,  Heer.    E.  Siberia. 

matur  group. 

Oingko  lobaia,  Fstm.    Jabalpur  group.  Gingko  digiiaia,  Hoer.    E.  Siberia  and  Altai. 

Czekanowtkia  ?  and  Ph^icopsia  ?   Jabalpur  Czekanowskxa  and  Phdmieopns,  Heer.  Altai, 

group.                           ,  E.  Siberiaj  Amur  countries. 

b.  LOWBB  GONDWANAB. 

Phgllotheea  indictt,  Bunb.  Raniganj  (K^thi)  Phglloiheea  sibirictM,  Heer,  and  PhgW^  deli^ 

group.  quescent,  Scbmalh,  (G5pp.  sp.).    Altai  and 

E.  Siberia. 
Sterna  of  the  same.  SUmt,  quite  similar  {See  Schmalhausen,  7.  c. 

PI.  I,  fig.  2).    Altai. 

>  I  leave  the  flora  of  the  Pctscbora  country  out  of  comparison  here,  and  refer  to  the  Asiatic 
(Siberian)  forms  only. 
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GONDWANA  SYSTEM— Iitdia- coirfd. 
PkyUoiheca  robtuta,  Fstm.  Raniganj  group 

(mjinahil  hills). 
AUihopUria  whiibyemU,  Oopp.  Baaigftnn 

group.  ! 

AletAopieru  lindl^ana,  Rojle.  Raniganj  < 

group.  J 

Cffaihea      comp.      tchthaicheffi,      Schmalh. 

BariVars. 
Dicksonia  huffketi,  Fttm.  Raniganj  group. 
Olossopleri$   gangamopterit.    Lower  Gond* 

w^nas. 
(J2«&faf^e0.  Karoo  beds,  S.  Africa). 


JJRiggtraikiopsis  hUlopi,  Fstm.  Lower  Gond- 
wtoas. 

SamaropM  comp.  panula^  Heer.  Karharb^ri 
beds,  Raniganj  gronp  (Bijori).   Panchets. 

Squama  gymnospermarum.  Bar&kars  and 
Raniganj  group. 


JURA— SiBBBIA,  BTO.— €M^ 

PhylloiKeca  aeUaehurowM,  Sehnudb.    Altai. 


AwpUnium  whitbyeiue^  Ke&e.   (Siberhi,  Amur 
countries.) 

C^aihea  tchihatehejg'l,  Scbm.,  Altai. 

Viohtonia  eoneinma,  Heef .  Amur  countries- 
ZamiopterU  gloaacpteroidei,  Scbmalb.  Altiy . 
Tl^is  fern  resembles  strikingly  (and  i^ 
also  by  Scbmalbausen  compared  witb) 
GlotsopterU  in  shape  and  distribution  of 
veins,  but  has  no  midrib  and  no  anastomoses. 
Other  specimens  resemble  Oamgamopteris 
angustifoUa,  but  they  again  want  the 
anastomoses.  The  most  closely  related 
genus  b  Rubidgea  from  the  Karoo  beds ; 
there  is  hardly  any  distinguishing  character, 
but  they  are  not  to  be  mistaken  for  my 
PaUBovittaria, 

Shipto*amite9     gopperti,    Schmalh.     Altai, 

Tunguska. 
Samaropais parvula,  Heer.  Ali»i(See  Sohmalh. 

I  c,  Fl.  IV,  fig.  3  b.)  E.  Siberia. 
SquamiB  ggmnaapermarum,   Altai,  Tunguska 

(PI.  XV,  figs.  14, 16,  represent  forms  of  the 

Raniganj  group,  while    PI.    XVI,  fig.    22, 

represents  a  Barikar  form). 


Tills  list  speaks  for  itself,  and  there  is  nothing  surprising  in  it  when  we 
consider  the  close  relations  of  the  various  groups  of  the  Gondw^na  system  as 
independently  obseived.  We  have  in  addition  the  occurrence  of  Olossopteris 
in  the  Upper  Gondwdnas,  the  representation  of  Podozamites  in  the  Upper,  by 
Noggeraihio^sis  in  the  Lower  Gondw^nas,  the  occurrence  of  Olossopteris  and 
Vertebraria^  in  a  horizon  in  the  Auranga  coal*field,  which  Mr.  Ball  could  not 
assign  to  any  bed  of  the  Lower  Gondw^nas,  but  thought  it  should  belong  to  the 
Mahadeyas  (Upper  Gondw&nas),  although  I  think  it  may  represent  the  Panchet 
group,  etc.  There  is  also  a  fine  collection  of  plants  made  by  Mr.  Hughes 
in  South  Bewab,  which  will  further  illustrate  this  intermingling  of  the  flora  just 
on  the  boundaries  between  the  lower  and  upper  beds  of  the  Gondwdna  system. 

These  relations,  which  no  doubt  will  find  further  illustration  in  course  of 
the  more  detailed  work  of  the  Survey,  show  well  the  fitness  of  combining  aJl 
the  beds  from  the  Talchir  group  up  to  the  Jabalpur  and  Elach  group  under  one 
collective  designation,  for  which  the  name  Oondwdna  system  was  very  happily 
chosen. 
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Additional  mote  on  the  Artesian  Wells  at  Pondicherrt,  hy  W.  King,  Deputy 

Superintendent  (^Madras)  ^  Oeological  Survey  of  India. 

While  my  paper  in  the  last  number  of  the  Records  was  in  presa,  I  received 
some  further  details  from  Mr.  Poulain,  giving  corrected  heights  and  discharges 
of  water  columns  in  the  Savana  and  T3^pallem  wells,  which  were  inserted  in  the 
bodj  of  the  paper^  but  not  in  the  introduction.  Unfortunately  I  misunderstood 
some  of  these  corrections,  as  they  are  explained  in  a  later  letter  received  from 
Mr.  Poulain,  and  therefore  it  becomes  necessary  to  draw  attention  to  the  fol- 
lowing errors : — 

On  page  113,  line  33,  for  '  three '  read  6*6 ;  for  '  44 '  read  Sa 
On  page  114,  line  16,  for  ' nearly  1  foot'  read  3*28  feet. 
On  page  120,  line  21,  for  * AA*  read  80;  for  < one '  read  six. 

These  corrections  are  made  from  a  later  note  published  in  the  *'  Travaux 
des  Oommissiona  LorAilee*  which  my  friend  Poulain  has  furnished  since  the  publi- 
cation of  my  paper,  and  of  the  existence  of  which  I  was  unaware  until  now.  A 
translation  of  this  note  is  now  appended ;  it  follows  as  number  five  on  the  '  Ex- 
periences of  Mr.  Poulain'  given  in  Appendix  II  of  my  paper. 

Experience  at  "  Savana,** 

"  The  latest  information  given  on  the  progress  of  the  borings  up  to  the 
11th  September  left  the  depth  at  52*68  meters  and  the  discharge  at  90  litres 
a  minute. 

"  The  discharge  increased  proportionally  with  the  disengagement  of  the 
sands  at  the  bottom  of  the  ascending  column.  It  is  now  at  135  litres  a  minute. 
During  the  working  the  water  had  a  very  marked  yellow-ochrey  colour,  and  it 
became  limpid  as  soon  as  the  work  was  stopped.     The  actual  depth  is  53  meters. 

''  We  have  verified  the  hydrostatic  level  of  this  source,  and  as  the  ground 
surrounding  our  well  has  lately  been  raised  by  the  heaping  up  of  the  excavated 
material,  we  have  been  obliged  for  exactness  to  take  the  level  of  the  old  soil. 
This  having  been  ascertained,  the  rise  is  1*96  meters  above  the  soil.  The  water 
has  not  lowered  from  this  point. 

'*  Regarding  the  uses  to  which  the  water  of  the  *  Savana '  well  may  be 
applied,  we  cannot  do  better  than  reproduce  in  text  the  official  analysis  given  by 
Mr.  Castaing,  Chef  de  Service  Pharmaceutique,  at  the  requisition  of  the 
Ordonnateur : — "  Depth  of  the  well,  52*68  meters.  This  water  is  limpid,  colour- 
less, inodorous,  agreeable  to  the  taste,  and  fresh.  It  contains  26  centigrammes 
of  saline  residue  to  the  litre,  composed  of  earthy  chlorides  and  sulphates.  It 
marks  7  degrees  on  the  '  hydrotim^tre.'  It  boils  vegetables  well,  dissolves  soap, 
and  does  not  contain  any  organic  matter.  It  possesses  all  the  requisite  condi- 
tions of  a  potable  water,  and  is  adapted  for  all  culinary  and  industrial  uses.  It 
will  leave  only  a  feeble  deposit  in  boilers  if  it  be  allowed  to  settle  for  a  short 
time." 

*'  From  an  agricultural  point  of  view,  and  in  the  opinion  of  several  native 
cultivators,  the  quantity  of  wat«r  now  furnished  by  the  well  would  be  sufficient 
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Uat  the  cnltivadon  of  12  cawnies  of  rice  fields,  or  above  double  this  superficies 
for  inferior  (meMis)  grain. 

''  The  sinking  of  the  tube  will  be  continued  for  some  meters  more  or  so  to 
penetrate  further  into  the  water  sheet." 

Pendieherry,  SOth  Sept&mher  1877. 

The  search  for  these  water  sooroes  is  still  being  pix>secuted  at  Pondicherry 
and  in  the  neighbourhood,  and  this  has  been  attended  with  fair  success ;  but 
the  GK)vemment  boring  in  the  Yille  Noire  is  now  in  abeyance,  as  it  was  found 
impossible,  with  the  appliances  at  hand,  to  drive  the  tube  down  beyond  the 
depth  attained,  namely,  about  550  feet^  and  there  has  been  no  further  rise  of  water. 
It  is  proposed  to  run  down  a  tube  of  smaller  diameter,  when  opportunity  offers. 

In  the  meantime,  a  new  well  has  been  started  by  Government  in  the  village 
of  Ariankdpam,  at  about  300  yards  from  the  south  or  right  bank  of  the  river  of 
that  name,  which,  however,  is  so  far  a  failure  also,  though  a  rising  sheet  of  water 
was  tapped  at  a  comparatively  slight  depth. 

Here  the  level  in  the  surrounding  wells  is  at  16'40  feet  below  surface  soil, 
perhaps  about  the  mean  level  of  Ariankup  river,  which  is  tidal. 

At  32*28  feet,  water  rose  to  a  height  of  3*83  feet  over  the  surface  soil. 
This  water  appears  to  have  been  the  purest  yet  obtained  in  this  vray.  After 
three  days  the  discharge  ceased,  and  the  water  disappeared  from  the  tube. 
Mr.  Poulain  conceived  this  might  be  attributable  to  accident;  that  the  hole 
made  by  the  borer  was  larger  than  the  tube,  and  that  the  water  had  passed  away 
between  the  latter  and  the  surrounding  deposits  and  been  absorbed  into  permeable 
beds  above,  and  on  this  he  suggested  to  Government  some  means  for  meeting  the 
mishap.  The  Engineer  preferred  to  proceed  with  the  boring  and  the  sinking  of 
the  tube,  and  now  a  depth  of  157  feet  has  been  reached  without  a  further  water 
sheet  having  been  struck. 

The  deposit  latterly  pierced  is  a  clay  or  lithomarge  of  a  reddish  colour,  with 
veins  or  streaks  of  white,  such  as  is  occasionally  met  with  in  the  sandstones  of 
Pondicherry  and  Guddalore,  below  which,  according  to  one  account,  is  a  conglo- 
merate of  a  greyish  colour  and  hard  enough  to  be  taken  as  an  approach  to  beds 
of  that  series. 

It  is  indeed  very  possible  the  Guddalore  sandstones  may  have  been  touched, 
or  that  the  borer  is  close  on  them,  it  being  not  at  all  unlikely  that  a  s  ub-alluvial 
ridge  or  plateau  of  these  beds  may  exist  at  no  great  depth  between  the  Ariankdp 
and  Punear  rivers,  there  being  here  a  gap  of  rather  unezplainable  width  in  the 
red  sandstone  belt. 

The  general  succession  of  beds  in  this  boring  is  :-*- 

1.  Sandy  Boil  and  sandj, 

2.  Thin  bond  of  black  clay, 
8.  Whitish  clay, 

but  this  requires  confirmation. 

A  private  boring  was  put  down  some  time  ago  at  Mudeliarpet,  a  small  village 
in  the  vicinity  of  the  Colonial  Gardens  and  the   Savana  filature,  and  a  rising 
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these  of  water  was  tapped  at  49*20  feet,  which  remamed  at  nearly  a  foot  below 
surface  soil.  The  rise  increased  on  the  boring  being  carried  deeper,  and  even- 
tually  stood  at  the  level  of  the  ground,  which  is,  however,  1*47  feet  above  the 
surface  level  at  Savana,  that  is,  10' 47  feet  above  sea-level.  The  discharge  is  17*6 
gallons  a  minute,  but  the  tube  is  filled  with  sand  for  more  than  3  feet  from  the 
bottom,  which  when  cleared  may  allow  of  an  increased  flow. 

A  block  of  wood  or  a  tree  trunk  was  met  with  embedded  in  the  sand  at  72 
feet,  which  disappeared,  however,  in  some  unaccountable  manner  after  being  cut 
at  with  the  jumper  for  two  or  three  days.  Mr.  Poulain  seems  to  think  that  it 
may  have  been  carried  ofE  by  the  current  of  water  at  this  horizon ;  but  such  free- 
dom of  motion  is  hardly  conceivable  in  alluvial  strata ;'  the  trunk  has  been 
probably  just  shoved  aside. 

The  beds  traversed  are : — 

Feet 

Vegetable  mould 1*96 

Sandy  toil 81-65 

Black  clay          .        .        .        .        , 7*87 

Coarse  and  fine  sand 89*36 

This  succession  would  tie  in  well  with  the  sections  exposed  by  the  Savana, 
Jardin  d'Acclimatation,  and  Upallem  borings,  though  the  clay  band  has  thinned 
out  a  good  deal  from  what  it  is  at  the  Savana  well. 

Another  well  was  commenced  last  year  in  the  village  of  Archiwakum,  about 
7  miles  south  of  Pondicherry,  which  reached  a  depth  of  144*32  feet,  after 
passing  through  the  following  strata : — 

Feet. 

Vegetable  mould 1-64 

Bed  sandy  soil 18-18 

Micaceous  sand 18*18 

Very  hard  day  of  yellowiih  colour,  streaked  with  veins  of 

light  green  clay,  with  some  layers  of  white  cand    .        .        111*62 
"  A  sort  of  Molasse  "  of  reddish  yellow  colour     .        .        .  3*28 

Sand! 

The  water  asoended  from  the  later  deposit  to  within  6*56  feet  of  the  surface 
soil,  the  wells  of  the  neighbourhood  having  their  water  at  13*77  feet  below  sur- 
face, or  perhaps  about  sea  level. 

This  boring  is  stopped  for  the  present,  as  the  pipe  cannot  be  forced  down 
any  further ;  but  a  second  pipe  is  to  be  inserted  in  this,  after  which  better  pro- 
gress may  be  made. 

The  boring  in  Mr.  Cornet's  compound,  which  was  noticed  in  my  previous 
paper  (I.  c,  p.  115),  has  been  again  continued  with  the  hope  of  finding  a  sheet  of* 
better  water.  It  is,  I  believe,  nearer  the  sea  than  any  of  the  other  wells  to  the 
south,  and  a  certain  oscillation  of  the  hydrostatic  level  of  that  sheet  was   observed 

'  Free  and  cavernous  pas^oges  are,  I  fancy,  only  possible  in  hard  and  rocky  strata,  and  most 
f  ri^quently  in  soluble  rocks,  such  as  liD?estones. 
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to  be  apparently  in  accord  with  the  rise  and  fall  of  the  tide ;  bnt  I  have  received 
no  further  information  on  this  point.  As  bearing  on  this  an  important  fact  was 
brought  to  my  notice  by  His  Grace  the  Duke  of  Buckingham  in  connection  with 
the  tidal  observations  made  at  Madras  by  Colonel  Baird,  which  shows  that  there 
is  very  free  percolation  of  fresh  water  into  the  sea  on  the  coast  there.  It  appears 
that  a  well  or  cylinder  was  sunk  in  the  vicinity  of  the  harbour  works  for  a  tidal 
gauge,  and  it  was  found  that  the  water  in  this  well  became  fresh  in  a  very  short 
space  of  time.  This  indicates  a  head  and  large  supply  of  water  which  should 
be  struck  by  borings  of  no  great  depth.  It  may  be  that  a  stratum  of  this  kind 
has  been  tapped  by  all  the  wells,  except  that  of  the  Yille  Noire  and  in  the 
neighbourhood  of  Pondicherry,  the  few  tubes  put  down  having  ofEered  a  freer 
exit  than  that  existing,  not  only  on  the  sea  &kce,  but  also  in  the  beds  of  the  rivers 
near  the  coast. 

This  observation  at  Madras  implies  that  the  flow  of  water  shows  itself  at  a 
very  shallow  depth,  but  the  free  percolation  must  be  deeper  than  this  under  the 
Madras  plain,  for  it  is  well  known  that  at  the  ordinary  depth  to  which  open  wells 
are  made  here,  there  is  not  free  communication  of  their  waters.  For  instance,  in 
many  compounds,  wells  have  been  dug  at  various  spots,  only  some  of  which  con- 
tain fresh  waters.  A  case  in  point  is  that  of  Mr.  Franck's  compound  on  the 
Mount  Boad,  an  area  of  about  3  or  4  acres  in  which,  as  far  as  I  remember,  5  wells 
were  dug,  most  of  which  gave  brackish  water,  so  here  in  this  small  space  and  at 
a  very  shallow  depth,  are  seams  of  permeable  strata  which  can  hardly  be  in 
free  communication  with  each  other. 


Salt  in  Rajputana,  hy  C.  A.  Hacket,  Geological  Survey  of  India, 

The  soil  of  Rajputana,  over  wide  areas,  is  impregnated  with  salt.  This  is 
more  particularly  the  case  on  the  western  side  of  the  Arvali  range  of  hills, 
where  large  quantities  of  salt  are  manufactured  from  the  efflorescence  deve- 
loped on  the  surface,  and  the  water  in  the  majority  of  the  weUs  is  too  brackish 
to  drink,  and  in  some  places  the  only  drinking  water  obtainable  is  from  small 
tanks  in  which  the  rain  water  is  collected. 

The  country  on  the  eastern  side  of  the  range,  north  of  Ajmere,  is  also  fre- 
quently  saliferous,  but  with  the  exception  of  a  few  places,  Hke  Sdmbhar  and 
Bhartpur,  not  nearly  to  so  great  an  extent  as  on  the  western  side.  South  of 
Ajmere,  on  the  eastern  side  of  the  range,  salt  is  not  met  with  in  any  quantify. 

So  many  descriptions  of  the  sources  and  process  of  manufacture  of  the  salt 
of  Rajputana  have  been  published,  of  which  the  most  comjAete  are  those  in  the 
Gazetteer  of  Rajputana  and  the  Reports  on  the  Administration  of  the  Inland 
Customs  Department,  that  it  is  unnecessary  for  me  to  enter  into  these  particulars. 
The  object  of  this  paper  is  to  give  a  brief  description  of  the  rocks  in  the  neigh- 
bourhood of  these  salt  sources  with  reforenee  to  the  possible  origin  of  the  salt. 
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The  salt  is  obtained  from  foar  sonroes— - 

Igt, — From  the  large  shallow  lakes,  from  which  great  qmuititiefl  of  the  best  quality  of  salt 

are  obtained. 
2nd. — From  earth-works,  or  the  collection  of  the  efflorescence  on  the  surface  of  the  soil, 

i«-dia6olving  it  in  pits,  and  allowing  it  to  ev^;x>rate  in  shallow  pans. 
3rd. — From  «reak  brine  wells,  as  at  Bhartpor. 
4th. — From  the  deposits  formed  in  old  beds  of  rivers. 

The  earth-works  used  to  be  exceedingly  nnmerons,  particnlarij  on  the  western 
side  of  the  Arvalis,  bnt  they  are  now  mostly  abandoned.  Large  quantities  of 
salt  were  also  obtained  at  Pachbadra,  from  pits  sunk  in  a  hollow  supposed  to  be 
an  old  bed  in  the  Ltini  river. 

Under  the  new  salt  revenae  regulations  the  works  at  Bhartpur  are  dosed, 
but  they  were  once  extensive.  In  the  Gazetteer  of  the  Bhartpur  State,  salt 
figures  as  more  than  two  and  a  half  lakhs  of  rupees  in  the  revenue  receipts 
for  1873-74.  The  principal  works  were  close  to  the  west  of  the  city,  where 
large  evaporating  areas  were  supplied  with  brine  drawn  from  wells  in  the  open 
plain.  The  nature  of  the  source  is  altogether  obscure :  there  is  no  natural  sur- 
face efflorescence  or  any  other  sign  to  indicate  the  salt  below :  rich  cultivation  is 
carried  on  close  to  the  brine  wells,  and  in  other  wells  at  a  short  distance  off 
sweet  water  stands  at  about  the  same  level.  At  the  time  of  observation 
(December  1866)  the  briny  water  was  only  20  feet  from  the  surface,  and  was 
said  to  be  20  to  30  feet  deep.  A  well  then  being  worked  was  said  to  have  been 
in  use  for  28  years,  without  sensible  change  in  the  quality  of  the  water.  In 
one  unlined  well  the  20  feet  over  water  level  was  seen  to  be  one  unbroken  mass 
of  sandy  kankary  clay,  of  the  type  so  general  in  the  great  alluvial  deposits  of 
the  plains. 

At  present  the  manufacturing  operations  are  almost  restricted  to  the  salt 
lakes,  the  most  important  of  which 


S^mbhar  on  the  borders  of  Jeypore  and  Jodhpora— 

Eachor-Rewasa             ...                 ...                 ...  ...  in  Shaikhaw£ti. 

Didw&na  and  Phalodi    ...                 ...                 ...  ..  in  Jodhpore. 

Lonkdra  Sur                  ...                 ...                 ...  ...  in  Bikaneer. 

But  as  I  have  visited  only  the  first  three  of  these  lakes,  my  remarks  will  be 
confined  to  them. 

The  8dmbha/r  Lake — ^is  situated  on  the  eastern  side  of  the  Arvali  range 
(Indian  Atlas  sheet  33,  S.  E.).  Its  greatest  length  is  about  20  miles,  and 
the  average  breadth  is  about  5  miles.  Its  greatest  depth,  near  the  centre,  at 
the  end  of  the  rains,  is  seldom  more  than  3  feet. 

The  Arvali  range  near  the  lake  consists  of  several  broken  parallel  ridges  of 
quartzite,  some,  of  Hkern.  rising  to  a  height  of  1,000  feet  above  the  level  of  the 
plain.  The  ground  between  the  ridges  is  not  much  higher  than  the  level  of  the 
plain  to  the  east,  and  is  mostly  covered  by  the  blown  sand* 

The  country  east  of  the  range,  and  surrounding  the  lake,  is  covered  by  long 
ridges  of  sand  running  in  an  east  and  west  direction,  some  of  thorn  upwards 
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of  100  feefc  in  height  aboye  the  level  of  the  lake ;  thus  the  northern  shore  of  the 
lake  near  Oudha  is  1,184  feet  above  sea  level,  whilst  An,  about  1  mile  from 
the  southern  shore,  is  1,262  feet,  Singla,  4  miles  from  the  southern  shore, 
1,292  feet,  and  Duri,  about  6  miles  east  of  the  lake,  1,363  feet  above  sea  level. 

These  ridges  of  sand  are  formed  bj  the  west  wind  bringing  the  sand  through 
the  gaps  in  the  ridges  of  quartzite  forming  the  range.  The  lake  is  merely  a  hollow 
in  the  sand,  lower  than  the  surrounding  countiy,  from  the  fact  of  its  lying  under 
the  lee  of  one  of  these  high  ridges  and  so  protected  from  the  blown  sand. 

The  drainage  area  of  the  lake  is  about  2,200  square  miles. 

Of  the  two  principal  streams  that  flow  into  the  lake,  one  takes  its  rise  about  50 
miles  to  the  north-east,  and  the  other  near  A j mere  about  40  miles  to  the  south. 

As  the  lake  becomes  dry,  a  deposit  of  black  mud  is  left  at  the  bottom,  which, 
when  dry,  contains  numerous  small  ciystals  of  salt.  Mr.  Adams,  the  Assistant 
Commissioner  of  Inland  Customs  at  S&mbhar,  gives  the  following  section  of  a  pit 
sunk  10  feet  deep  in  the  bottom  of  the  lake  near  the  low  water  level  opposite 
Japog.  *'  After  penetrating  through  a  layer  of  about  one  and  a  half  feet  in 
thickness  of  the  dark  greyish  sand  which,  when  covered  with  water,  becomes  the 
black  mud  of  the  lake,  about  half  a  foot  of  quicksand  with  brine  was  met 
with*  Below  this  a  black  micaceous  sand  occurred,  which  was  much  decomposed 
on  the  surface,  but  which  became  gradually  harder  downwards.  A  very  similar 
stratum  of  micaceous  schists'  occurs  in  wells  about  4  miles  to  the  south- 
east of  Japog."     (Inland  Customs  Report,  1870-71,  p.  113). 

Outcrops  of  these  schists  occur  on  the  shores  of  the  lake  near  Japog  and 
several  other  places.  They  belong  to  the  Arvali  series  of  rocks,  of  which  mention 
will  presently  be  made. 

Calcareous  deposits  of  considerable  thickness  are  of  frequent  occurrence  round 
the  shores  of  the  lake.  They  are  well  developed  near  Sdmbhar  and  Nanwa. 
These  deposits  are  apparently  formed  by  the  infiltration  of  water  into  the  blown 
sand  forming  the  banks  of  the  lake.  Upwards  of  20  feet  of  this  concretionary 
limestone  is  exposed  in  a  well  sunk  on  the  southern  shore  of  the  lake  near 
Kotarsina. 

The  following  statements  relating  to  the  specific  gravity  of  the  lake  water  is 
taken  from  Mr.  Adams'  report  for  1870-71  (I,  c.  p.  116)  : — "  The  specific  gravity 
of  the  lake  water  during  the  past  rains  never  was  less  than  that  of  sea  water, 
the  specific  gravity  of  sea  water  being  given  as  1'03,  while  the  lake  water  on 
30th  July  gave  1*03.  In  August  about  5  inches  of  rain  fell,  and  as  the  evapo- 
ration, owing  to  the  humid  state  of  the  atmosphere,  was  slight,  the  specific  gravity 
was  the  same  as  that  at  the  end  of  July.  During  September  the  specific  gravity 
kept  at  1*04 ;  in  October  it  increased  from  1*05  to  1*07 ;  in  November  it  varied 
from  1*08  to  1*10;  in  December,  owing  to  some  slight  showers  of  rain,  it  was 
reduced  to  1'095 ;  in  January  it  increased  from  1*11  to  1'14 ;  in  February  it 
increased  from  1*15  to  1*20,  and  at  this  specific  gravity  salt  began  to  deposit 
No  difference  of  gravity  was  at  any  time  observed  in  the  brine  taken  from  the 
surface  and  that  taken  from  the  deepest  part  of  the  lake. 

*  It  ia  to  bo  presumed  tbat  the  '  sand '  of  the  preceding  sentence  is  decomposed  schist. 
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^*  The  specific  graviiy  of  a  saturated  solntiozi  of  salt  is  1*2046,  bat  on  the  9th 
March  the  specific  gravity  of  the  highly  concentrated  lake  brine  was  1*22,  and  on 
the  30th  March  1*245.  In  this  state  the  chemical  solution  is  so  dense  that  pre- 
cipitation in  the  form  of  truncated  pyramid-shaped  crystals  (the  well-known  form 
of  the  Sdmbhar  salt)  is  constantly  occurring,  until  a  layer  of  salt  about  2  inches 
in  thickness  overlies  the  mud  of  the  lake." 

Dr.  H.  Warth  gives  the  following  analyses  of  the  lake  brine  (Z.  c,  1871-72, 
p.  155)  :— 

''The  samples  examined  were  as  follows  : — 

1.  Lake  brine — 

A. — Common  brine  from  the  lake,  10th  December,  100  yards  from  the 

shore  near  Japog. 
B."The  same  brine  artificially  saturated. 
C. — Brine  from  Japog,  24th  Januaiy. 

2.  Subterranean  brine,  or  percolation  brine,  taken  from  diggings  in  the  lake 

bed  at  places  where  the  surface  water  had  receded — 

A. — Brine  from  reservoir  in  walled  enclosure  No.  2,  10th  December. 

B. — Brine  from  the  same,  on  13th  Januaiy. 

G. — Brine  from  a  hole  made  on  the  shore  near  Japog,  10th  December. 

3.  Mother-liquor — Residue  brine  from  the  manufacture  of  salt  in  Icyaris — 

A. — ^Mother-liquor  from  walled  enclosure,  No.  2,  December  1869. 

B. — ^Mother-liquor  from  the  same,  1 7th  January  1870. 

C. — Mother-liquor  from  walled  enclosure  No.  1,  26th  January  1870. 

Analyses. 


Lake  Brine. 

Sabterranean  Brine. 

Mother-Liqnor. 

A. 

B. 

C. 

A. 

B. 

C. 

A. 

B. 

C. 

Dry  reBidnum 

21-9 

271 

27-8 

22-7 

20-8 

201 

30-6 

80-4 

80-4 

Water 

780 

72-6 

72-2 

77-6 

79-3 

800 

68-8 

68-8 

68-4 

Chloride  of  sodium 

19-9 

24-6 

24-8 

19-7 

17-6 

17-8 

191 

20-5 

19-4 

Sulphate  of  soda 

1-6 

20 

2-6 

2-5 

2-6 

2-6 

71 

9-4 

65 

Carbonate  of  Boda 

0*4 

06 

0-4 

0-6 

0-8 

0-3 

4-4 

0-5 

45 

Total 

99-9 

99-7 

100-0 

100-2 

1001 

1001 

99-4 

99-2 

98-8 

Fercentflge  of  foreign  salt  in 
dry  residuum 

91 

9-2 

10-8 

13-2 

15-9 

13-9 

87-6 

32-6 

36-2^ 

Average              ...                ... 

9-7 

14-3 

35-5 

•  <• 

88-9 

*•  • 

250 

•  •  • 

8-6 

•  (  f 

8-1 

•  •• 

8*4 

•  •  • 

18-1 

•  •• 

8-6 

•  •• 

0-8 
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Analysis  of  elay  from  Lake^hed, — ''  The  sample  was  taken  from  the  Lake-bed, 
some  feet  under  the  surface,  when  the  reservoir  was  being  excavated,  in  walled 
enclosure  No.  2,  in  December  1869. 

*•'  Khva  t>t  •.•  •••  *«• 

SlllCft  ...  .M  ••«  •** 

Oxide  of  alumina,  iron,  &c.  ...  ••• 

Carbonate  of  lime 

y,        Ox  magnesia        ..•  ...  ..• 

Chloride  of  aodiiim 
Sulphate  of  soda 
Carbonate  of  soda  ...  .„ 

Total  ...     100 


**  Proportion  of  foreign  salts  in  the  soluble  substance,  18*1  per  cent." 

The  Didwdna  salt  lake — is  situated  about  20  miles  to  the  west  of  the  Arvali 
rang^  and  35  miles  from  the  Sfimbhar  lake  in  a  north-westerly  direction.  It  is 
about  4  miles  long  and  Ij^  miles  broad.  During  the  rains  there  is  mostly  a  foot 
or  so  of  water  in  the  lake,  but  which  soon  dries  up.  When  I  was  there  in  Nov- 
ember it  was  quite  dry,  with  the  exception  of  a  few  patches  of  mud. 

The  origin  of  the  lake  is  similar  to  that  of  the  S&mbhar  lake.  It  is  situated 
under  the  lee  of  a  short  ridge,  between  300  and  ^MX)  feet  in  height  above  the  level 
of  the  plain,  and  so  protected  from  the  blown  sand,  which  about  here  forms  long 
ridges  sometimes  upwards  of  a  100  feet  high,  extending  in  an  east-north-east 
direction.     This  is  also  the  direction  of  the  longer  axis  of  the  lake. 

Two  dams  are  built  across  the  lake  at  about  three-fourths  of  a  mile  from 
either  end,  to  cut  off  the  access  of  surface  water. 

The  mode  of  procuring  the  salt  differs  from  that  at  the  Skmbhar  lake.  At 
Didwdna  wells  of  about  6  feet  in  diameter  are  sunk  in  the  bottom  of  the  lake  to  a 
depth  of  about  15  feet,  the  bottom  of  the  well  is  then  pierced  to  a  further  depth 
of  2  or  3  feet,  by  a  heavy  iron-shod  pole,  when  the  brine  rises  suddenly  to  within 
4  feet  of  the  mouth  of  the  well,  at  which  level  it  constantly  stands  during  the 
hot  weather  and  the  rains.  When  the  wells  are  first  pierced  large  quantities  of 
sulphuretted  hydrogen  gas  are  evolved,  and  even  in  the  old  wells  the  smell  of  the 
gas  is  very  strong. 

The  sections  exposed  in  the  wells  consist  of  alternations  of  sand  and  sandy 
calcareous  tufa.  » 

The  brine  from  these  welb  has  a  specific  gravity  of  about  1*2.  It  is  lifted  by 
the  ckanaiy  or  lever  bucket,  into  shallow  pans  of  about  20  yards  square  and  allowed 
to  evaporate,  when  the  salt  is  collected. 

The  manager  of  the  works  told  me  that  the  cost  of  manufacture  was  only 
Be.  1  for  200  maunds. 

The  Kaehar-Bewassa  ZaA;e— is  situated  in  Shaikhaw&ti,  about  30  miles  north  of 
the  S&mbhar  lake.  It  is  very  shallow,  and  when  I  was  there,  perfectly  dry,  and 
no  manufacture  of  salt  was  being  carried  on. 

F 


202  Ttecord^  of  the  Geological  Survej/ of  India.  [vol.  xni« 

Geohgioal  features, — Tbe  rocks  forming  the  Arvali  range  belong  to  the 
gneissic  or  metamorphic  series  and  the  lower  transition  or  sub-metamorphic 
series.  The  latter  series  consists  of  schists,  slates,  limestones,  and  quartzites,  and 
has  been  called  the  Arvali  series.  All  the  sections  across  the  range  show  that 
the  rocks  have  been  greatly  disturbed,  folded,  and  repeated  several  times.  The 
dip  is  always  high,  seldom  less  than  70^,  and  often  vertical.  The  most  prominent 
features  in  the  range  are  formed  by  the  qnartzites,  the  highest  member  of  the 
Arvali  series;  thus,  T^ragarh  hill  near  Ajmere,  2,855  feet  above  sea  level,  is 
formed  of  this  quartzite,  as  well  as  the  ridges  immediately  west  of  the  Sdmbhar 
lake,  one  of  which  rises  to  the  height  of  2,430  feet,  and  the  ridges  of  quartzite, 
of  the  southern  portion  of  the  range,  south  of  Todgarh,  attain  an  elevation  of 
upwards  of  4,000  feet  above  the  sea. 

Complete  sections  of  the  Arvali  series,  from  the  gneiss  to  the  top  qnartzites, 
are  exposed  both  to  the  south,  near  Ajmere,  and  to  the  north  of  the  Sambhar 
lake  in  Shaikhawdti,  but  in  the  neighbourhood  of  the  lake  only  a  skeleton  of  the 
Tango  is  left,  consisting  almost  entirely  of  vertical  ridges  of  quartzite,  the  lower 
and  softer  slates,  schists,  &o.,  having  for  the  most  part  been  worn  down  below 
the  level  of  the  plain  and  covered  by  the  alluvium  and  blown  sand. 

Several  outcrops  of  the  Arvali  schists  occur  on  the  shores  of  the  S^bhor 
lake,  particularly  a  few  miles  west  of  Sdmbhar.  The  only  other  rocks  exposed 
are  portions  of  two  broken,  roughly  parallel  ridges  of  quartzite,  one  at  the 
western  end  of  the  lake,  and  the  other  near  the  centre,  a  short  distance  east  of 
Nanwa.  The  famous  marble  quarries  of  Makrdna  are  situated  on  the  western 
side  of  the  range,  about  lO  miles  due  west  of  the  lake. 

No  rocks  are  exposed  in  the  bed  of  the  Didwana  lake,  but  a  considerable 
thickness  of  slates  occurs  in  the  hills  a  short  distance  to  the  west ;  there  are  also 
some  hills  of  quartzite  at  Kolia  and  Patau,  a  few  miles  distant  from  the  lake. 

Besides  the  metamorphic  and  sub-metamorphic  rocks  of  which  the  central 
range  is  composed,  another  series  of  rocks,  the  Vindhyans,  occur  near  it  on  the 
western  side.  The  eastern  boundary  of  these  Vindhyans  runs  from  Sojat  to  Khatu, 
at  a  distance  of  about  20  miles  from  the  western  edge  of  the  range.  West  from 
this  line  they  extend  almost  continuously  to  the  west  of  Jodhpore.  The 
Vindhyans  of  this  area  consist  of  sandstone,  limestone,  and  conglomerate ;  they 
are  but  slightly  disturbed,  being  mostly  horizontal,  and  seldom  dip  at  a  higher 
angle  than  5^.  They  rest  quite  unconformably  upon  the  Arvali  series.  Good 
sections  of  this  unconformity  are  exposed  both  at  Sojat  and  Khitn,  where  the 
nearly  horizontal  sandstone  of  the  Vindhyans  rests  upon  the  edges  of  the  vertical 
Arvali  slates. 

As  no  fossils  have  as  yet  been  found  either  in  the  Vindhyan  or  Arvali  series, 
their  age  cannot  be  determined  with  any  certainty.  There  is  a  great  break 
between  the  Vindhyans  and  the  Gondw&nas,  the  next  series  in  ascending  order ; 
and  as  the  lowest  group,  the  Talchirs,  of  the  latter  are  probably  permian,  the 
Vindhyans  are  not  likely  to  be  younger  than  the  caarbonif  erous  and  possibly  much 
older.  The  unconformity  between  the  Vindhyans  and  the  Arvfdis  is  very  greats 
it  is  almost  necessary  to  suppose  that  the  Arvali  range  was  formed  previous  to 


PART  S.]  Hacket:  Salt  in  Sajjmtana.  203 

the  deposition  of  the  Yindhyanfi,  in  which  case  the  Arvali  series  would  be  of  very 
ancient  date,  probably  cambrian. 

The  fayonrite  theory  to  account  for  the  origin  of  the  salt  in  Bajputanaisi  that 
the  rooks  of  the  Arvalis  belong  to  the  "  Permian  system,"  which  is  confounded 
with  the  saliferous  rocks  of  England  ;  and  that  the  salt  of  this  region  is  derived 
from  some  of  these  beds  as  yet  undiscovered,  being  dissolved  by  the  rains  aud 
rivers  and  redeposited  in  the  shallow  lakes. 

I  have  already  shown  that  both  the  Vindhyaus  and  Arvalis  are  older  than  the 
permian ;  but  this  would  not  dispose  of  the  assumption  that  either  one  or  both 
of  these  series  might  contain  salt  beds.  As  the  lower  beds  of  the  Arvali  series 
are  covered  by  the  alluvium  and  blown  sand  in  the  neighbourhood  of  the  Sambhar 
and  Didw^a  lakes,  it  is  impossible  to  say  that  salt  beds  do  not  exist  in  that 
position ;  but  it  is  evident,  from  the  wide  distribution  of  the  salt,  that  it  could 
not  be  derived  and  distributed  in  the  alluvium  from  one  or  two  local  sources, 
and  therefore,  if  the  origin  of  the  salt  be  in  the  rock,  its  occurrence  there  must  be 
frequent,  and  the  probabilities  of  detecting  it  (or  traces  of  it)  in  situ  would  be 
very  great. 

I  have  examined  a  veiy  large  area  occupied  by  the  Arvali  series,  from  the 
extreme  northern  end  of  the  Arvali  range  to  within  a  short  distance  of  Mt.  Abu, 
without  finding  any  trace  of  a  salt  deposit,  notwithstanding  the  numerous  com- 
plete sections  of  the  series  that  are  exposed,  from  the  gneiss  to  the  highest 
known  beds. 

There  seems  even  less  probability  of  salt  escaping  detection  in  the  V indhyans ; 
for  in  the  very  large  area  covered  by  them  in  this  region,  both  to  the  south-east 
and  to  the  north-west  of  the  Arvali  range,  the  whole  formation  is  exposed,  from 
its  very  base,  without  any  contortions  to  favour  the  concealment  of  peculiar  beds, 
yet  no  trace  of  a  salt  deposit  has  been  observed. 

The  artificial  lakes,  wells,  and  rivers  afford  stronger  evidence  that  the  salt 
is  not  derived  from  either  the  Arvalis  or  the  Vindhyans.  There  are  several 
large  artificial  lakes  and  tanks  within  the  range  at  elevations  greater  than  that 
of  the  plains.  The  principal  of  these  are  the  Ana  S&gar  at  Ajmere,  situated  in 
an  eroded  anticlinal  fold  of  the  Arvali  strata  in  the  centre  of  the  range,  Pohkar 
lake  near  the  western  side,  and  the  Bae  Samand  at  Kankroli  on  the  eastern  side 
of  the  range.  The  water  supplying  these  as  well  as  the  numerous  smaller  tanks 
of  the  range  flows  over  more  or  less  complete  sections  of  the  Arvali  rocks,  and  is 
in  all  of  them  sweet. 

Of  the  numerous  wells  sunk  in  the  Arvali  rocks  of  the  range,  I  do  not  remem- 
ber that  the  water  in  any  of  them  was  brackish. 

The  Luni  river,  and  its  numerous  tributaries  draining  the  greater  portion 
and  a  long  length  of  the  Arvali  range,  contain  sweet  water  as  far  as  the  western 
edge  of  the  range ;  but  after  flowii  g  some  distance  over  the  plain  to  the  west, 
the  water  becomes  saline,  and  salt  is  deposited  on  the  banks  in  the  hot  season, 
when  the  rivers  cease  to  flow.  At  Pachbadra,  35  miles  south-west  of  Jodh- 
pore,  large  quantities  of  salt  are  manufactured  in  a  valley  near  to,  and  probably 
an  old  bed  of,  the  Luni.     The  Banas   river  and  its  tributaries  flowing  to  the 
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east,  drain  a  considerable  portion  of  the  range,  and  the  waters  remain  sweet 
throughout. 

The  wells  sunk  in  the  Yindhjan  rooks,  on  the  western  side  of  the  range, 
contain,  without  exception,  sweet  water,  while  those  sunk  in  the  allavium  a 
short  distance  off  contain  brackish  water. 

As  it  seems  improbable  that  the  salt  is  derived  from  either  the  Arvali  or  the 
Yindhjan  series,  the  only  visible  source  remaining  is  the  alluvium.  It  has  been 
suggested  that  the  alluvium  is,  in  part  at  least,  of  marine  origin,  and  that  the 
salt  lakes  are  parts  of  the  old  sea  bottom  in  which  the  salt  has  accumulated.  As 
no  good  sections  of  the  alluvium  west  of  the  Arvali  range  are  exposed,  the  beds 
of  all  rivers  being  shallow,  seldom  more  than  20  feet  below  the  level  of  the  plain, 
and  as  large  areas,  more  especially  in  the  northem  portion,  are  covered  by  blown 
sand,  it  is  difficult  to  produce  any  direct  evidence  on  this  point. 

Mr.  Blanford  found  a  moUusk  {Potamides  layardi),  an  inhabitant  of  salt 
lagoons  on  the  coast,  in  one  of  the  salt  pools  near  Umerkot,  from  which  he  in- 
ferred that  an  arm  of  the  sea  extended  as  &r  as  this  in  recent  times.  But 
Umerkot  is  more  than  300  miles  nearer  the  sea  and  several  hundred  feet  lower  than 
the  level  of  the  plain  near  the  S&mbhar  lake.  In  the  portion  of  the  alluvium 
that  I  have  examined,  extending  south  to  25^  north  latitude,  I  have  not  seen  a 
marine  shell ;  but  in  several  places,  in  the  old  banks  of  the  rivers,  I  have  found 
fresh-water  shells  of  existing  species. 

In  my  examination  of  the  alluvium  west  of  the  Arvali  range,  I  met  with 
several  ridges,  many  miles  in  length,  of  water-worn  boulders,  often  as  much 
as  1  foot  in  diameter.  Nearly  all  of  them  were  formed  of  the  hard  quartzite 
of  the  Arvali  series,  and  must  have  undergone  much  rolling  to  reduce  them 
to  their  present  shape.  A  short  distance  west  of  Khdtu,  and  about  35  miles 
west  of  the  Arvali  range,  there  are  two  parallel  ridges  formed  of  these  boulders, 
about  a  mile  apart  at  their  nearest  points  and  about  6  miles  in  length,  running 
nearly  north  and  south.  How  far  north  they  may  extend  I  am  unable  to  say ; 
but  to  the  south  they  reach  in  a  broken  line  to  the  Luni  river,  a  distance 
of  upwards  of  70  miles.  The  boulders  sometimes  rest  upon  the  Yindhyans,  and 
are  frequently  isolated  in  the  alluvium.  The  base  of  the  ridges  is  never  above 
the  level  of  the  plain.  The  boulders  are  clearly  superficial  to  the  Yindhyans  and 
of  comparatively  recent  origin ;  but  whether  they  mark  the  course  of  a  large 
river  or  of  an  ancient  coast  line,  it  would  be  rash  at  present  to  decide. 

Oeneral  condusions. — If  the  question  of  origin  from  rocks  underlying  the  allu- 
viom  could  be  decided  from  all  that  is  visible  of  these  rocks  above  the  alluvium, 
and  if  the  whole  nature  of  these  covering  deposits  could  be  told  from  what  we  can 
see  of  them  in  shallow  sections  at  the  surface,  the  answer  in  both  cases  would  be 
in  the  negative,  and  the  only  source  remaining  for  the  salt  would  be  its  local 
production  from  natural  causes  still  in  operation.  Theoretically  the  case  is 
possible,  as  any  modem  [schoolboy  knows  that  lakes  without  an  outflow,  and 
to  a  great  extent  the  ocean  itself,  become  saline  from  the  continual  concentration 
by  evaporation  of  what  we  call  sweet  water.  In  the  present  case,  however,  the 
process  with  known  data  seems  inadequate  to  the  result.     For  a  long  time  the 
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production  of  salt  from  the  S^bhar  lake  has  been  on  an  extensive  scale,  and,  as 
a  Bonroe  of  salt,  the  lake  dates  from  the  mythical  age.  Myths  are^  no  donbt,  still 
a  popular  product  of  contemporary  invention,  and  I  cannot  say  whether  histori- 
cal documents  throw  any  light  upon  the  remote  statistics  of  salt  manufacture  at 
Simbhar.  But  the  facts  in  hand  are  su£Scient,  without  appealing  to  ancient 
history;  and  I  have  seen  no  mention  of  any  symptoms  of  failing  in  the  supply. 
To  accomplish  so  much  within  any  reasonable  time,  with  a  catchment  basin  of 
only  2,000  square  miles,  would  seem  an  impossible  feat,  and  we  must  not  forget 
that  the  formation  of  the  lake  itself,  as  already  described,  is  apparently  due  to 
conditions  that  are,  at  least  geologically,  modem;  the  reign  of  sand  in  Raj- 
putana  may  almost  certainly  be  assigned  as  a  result  of  the  reign  of  quasi-civilized 
man,  the  Rajput  and  his  compeers ;  for  it  can  scarcely  be  doubted  that  it  was 
once  in  the  possession  of  the  forest  primeval. 

In  this  connection  it  has  been  considered  whether  we  might  not  call  in  the  aid 
of  some  of  the  great  northern  rivers.  It  is  well  known  that  the  Satlej  for- 
merly flowed  far  to  the  east  of  its  present  course,  and  it  is  geologically  possible, 
or  even  probable,  that  the  Jumna  once  upon  a  time  flowed  through  Bajputana, 
west  of  the  Arvali  range.  ^  The  waste  waters  of  those  rivers,  distributed  widely 
by  overflow  and  percolation,  before  the  channels  became  diverted  into  lower 
ground,  must  have  supplied  to  the  soil  a  very  large  amount  of  saline  matter,  and 
under  suitable  conditions  of  evaporation  and  percolation  this  might  be  retained 
in  l^ose  upper  deposits.  At  the  present  day  all  the  rainfall  on  the  tract  between 
the  Jumna  and  the  Satlej,  where  is  now  the  *  divide '  between  the  basins  of  the 
Indus  and  the  Ganges,  including  the  water  of  some  considerable  streams  from  the 
Siwalik  hills,  is  wholly  dissipated  or  absorbed  within  that  area,  there  being  little 
or  no  escape  by  surface  drainage.  It  seems,  however,  that  this  aid  cannot  be 
called  in  at  S&mbhar,  without  almost  inadmissible  assumptions  as  to  changes  of 
level.  There  is  certainly  no  room  to  suppose  that  the  area  under  consideration 
has  suffered  from  erosion ;  and  at  present  the  alluvial  spill  from  the  Himalaya 
on  the  north  meets  that  of  the  Arvali  from  the  south  about  Hissar,  where  we  find 
the  lowest  ground  in  the  cross-section  of  the  Indo-Oangetic  plains  at  their  water- 
shed. The  elevation  at  Hissar  is  700  feet,  or  nearly  500  feet  lower  than  the 
Sdmbhar  lake,  160  miles  to  the  south. 

There  is  yet  another  fact  to  be  considered  in  this  discussion.  Without  ex- 
ception, so  far  as  known,  sweet  water  is  obtainable  from  the  alluvial  deposits 
at  lower  levels  than  the  saline  water.  I  cannot  say  that  this  has  been  tried  at 
any  actual  focus  of  salt  production,  but  it  is  a  fact  of  universal  experience  and 
practice  in  the  region  under  notice  and  throughout  the  plains  of  north-west  India 
to  sink  deep  wells  for  fresh  water,  where  the  upper  water  stratum,  as  very  often 
hapx>ens,  is  too  salty  for  use.  It  might  seem  at  fifst  sight  that  this  fact  would 
at  once  put  out  of  court  a  question  we  have  had  to  leave  undecided — whether 
there  may  not  be  recent  marine  deposits  below  the  surface  alluvium,  which  latter 
is  everywhere  proved  by  its  fossil  contents  to  be  of  fresh  water  origin ;  but  it  is 
abundantly  proved  that  strata  which  must  have  been  originally  impregnated  with 
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Bait  water  become  purged  by  the  forced  circnlation  of  fresli- water  Tmdergroimd 
from  artesian  pressnre,  so  our  fact  is  of  small  account  in  the  argument  for  or 
against  marine  strata  in  tbe  aUnyium.  It  is,  however,  of  great  weight  in  the 
argument  for  the  local  and  actually  operatiye  production  of  these  deposits  of  salt ; 
for  it  is  almost  beyond  question  that,  as  a  common  phenomenon  in  Upper  India, 
the  saline  condition  of  the  upper  water  stratum  is  dne  to  the  present  operation 
of  assignable  conditions  upon  the  surface  and  subsoil  waters,  whether  rain  water 
or  as  derived  by  percolation  or  irrigation  from  rivers  and  canak. 

With  such  good  evidence  of  a  vera  causa  of  salt  production  actaally  in  opera- 
tion, it  should  certainly  be  an  object  of  continned  observation  and  study  whe- 
ther such  extreme  cases  of  local  concentration  may  not  be  brought  within  its 
action.  It  may,  nevertheless,  be  well  to  point  out  what  alternatives  remain  for 
those  extreme  cases.  We  can,  I  think,  confidently  assert  that  the  Arvali  forma, 
tion  (or  rock  series)  is  not  the  repository  of  rock-salt.  These  strata  occur  in 
many  outliers  far  into  the  alluvium  on  the  prolongation  of  the  range,  and  always 
in  the  same  condition  of  extreme  disturbance.  There  is  a  strong  probability 
that  what  is  seen  of  them  in  natural  outcrops  throughout  the  range  may  be 
taken  as  fully  representative  of  the  whole  series.  Of  the  Vindhyans  it  may  he 
asserted  with  even  greater  certitude  that,  so  far  as  seen,  they  do  not  and  never 
did  contain  rock-salt.  It  has  even  been  conjectured  that  this  formation,  so  far  as 
known,  is  of  fresh- water  or  subaerial  origin  ;  but  this  very  conjecture  might  en- 
courage the  supposition  of  contemporary  salt  deposition  in  contiguous  areas  • 
while  the  undisturbed  condition  of  these  rocks  would  be  in  favour  of  the  total 
concealment  of  any  such  deposits  at  a  lower  level  than  the  actual  outcrops.  The 
area  of  covered  ground  here  is  quite  extensive  enough  to  conceal  any  such  depo- 
sits  of  Vindhyan  or  of  any  subsequent  age ;  and  thus  there  remains  the  possibility 
of  such  a  source  for  the  salt  of  S&mbhar  and  of  other  localities  of  apparentry 
unlimited  production. 


Record  of  qas  and  mud  eruptions  on  the  Arakan  Coast  on  12th  March  1879 

AND  IN  June  1843. 

The  following  reports  by  the  local  officers  upon  cases  of  eruptiv^o  action  on 
the  Arakan  Coast  are  in  continuation  of  those  published  in  the  Records  for 
February  1879,  Vol.  XII,  p.  70  :— 

From  LiBUT.-CoLONEL  W.  W.  Pemberton,   Deputy  Commissioner,  Kyouk-Phyoo,  to  tho 
Commissioner  of  Arakan,  Akyab, — ^No.  41-14,  dated  23rd  June  1879. 

Heforring  to  your  endorsement  No.  451-222,  General,  dated  7th  May  last,  on  the 
subject  of  a  recent  volcanic  eruption,  I  have  the  honour  to  state  as  follows  :— 

The  Extra  Assistant  Commissioner  of  Cheduba  was  asked  for  a  report  on  the  subject, 
and  in  his  roplj  he  states  that  the  eruption  did  not  occur  on  the  island  of  Cheduba.  Some 
fishermen,  who  were  out  at  sea-fishing  at  the  time  of  tho  occurrence,  told  him  that  they  had 
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observed  the  phenomenon  and  thought  it  oocnrred  on  the  island  of  Ma-Qyee,  while  persons 
residing  on  that  island  said  they  had  seen  the  illumination  seawards  north  of  the  island. 
The  Extra  Assistant  Commissioner  then  states  that  afterwards  he  was  informed  hy  a 
Burmese  medical  practitioner  who  happened  to  be  at  Sandoway  on  the  night  of  the  occur- 
rence, that  the  explosion  took  place  on  a  small  island  situated  south  of  the  Tha-dai- 
chyoungwa  creek,  in  the  Sandoway  district,  which  statement  was  corroborated  by  some 
fishermen  who  came  from  Kha-Mongdoon,  in  the  Sandoway  district,  and  who  happened  to  be 
fishing  at  sea  at  the  time  the  phenomenon  occurred. 

Previous  to  the  receipt  of  your  letter  under  reply,  I  had  heard  of  the  occurrence,  and 
sent  to  the  Extra  Assistant  Commissioner  of  Cheduba  for  a  report  on  the  subject,  but  the 
outbreak  of  cholera  in  the  town  prevented  him  from  making  the  enquiry  for  some  time. 


From  Major  M.  C.  Pools,  'Deputy  Commissioner,  Sandoway,  to  the  Commissioner  of 

Arakan,  Akyab,— No.  3-49,  dated  29th  April  1879. 

In  continuation  with  ihe  subject  of  your  letter  No.  96,  dated  4th  instant,  I  have  the 
honour  to  mention  that  when  at  Htsengoung  on  the  12th  March,  I  saw  the  sky  brilliantly 
illuminated  by  an  eruption  of  the  volcano  at  Cheduba.  Some  of  the  Burmans  with  me  going 
on  shore  and  looking  across  the  sea  in  the  direction  of  Cheduba  distinctly  saw  the  flames. 
Yon  have  doubtless  received  further  details  from  the  Deputy  Commissioner,  Kyouk-Phyoo. 


Fbom  Major  M.  C.  Poolb,  Officiating  Deputy  Commissioner,  Sandoway,  to  the  Commis- 
sioner of  Arakan,  Akyab, — No.  3-90,  dated  Sandoway,  31  st  July  1879. 

In  continuation  of  the  subject  contained  in  my  letter  No.  3-49,  dated  29th  April  1879, 
I  have  the  honour  to  furnish  all  the  additional  information  I  have  been  enabled  to  collect 
regarding  the  volcanic  phenomenon  observed  on  the  12th  March  last.  To  my  observation 
it  appeared  to  emanate  from  some  island  lying  north-west  of  Htsengoung ;  but  not  taking 
the  bearings  of  the  distant  flames,  I  am  unable  to  accurately  define  their  position  and 
joined  in  the  hasty  but  not  unnatural  conclusion  of  the  other  spectators,  that  it  was  in 
the  direction  of  the  island,  of  Cheduba.  I  visited  the  village  of  Ka  moun-doon  on  the 
22nd  instant,  and  there  held  conversation  with  some  who  had  seen  it;  the  day  was 
beautifully  clear,  and  from  the  slightly  elevated  shore,  the  southern  extremity  of  the 
island  of  Bamree,  the  islands  of  2Sagoo,  Magree  Kyoon,  and  Tey  Kyoon,  all  stood  out  clear 
and  distinct  like  a  chart ;  in  the  dbtance  could  be  distinguished  the  sharp  serrated  outline 
of  hills  in  the  island  of  Cheduba.  The  bead-man  of  the  village  pointed  out  to  me  two 
sharp  pinnacle-shaped  rocks  far  out  on  the  horizon,  and  known  by  the  name  of  Kyouktabon 
which  he  said  he  was  certain  was  the  exact  spot  where  the  flames  came  from.  These  rocks 
lie  south  of  Cheduba,  and  when  viewed  from  Htsengoung,  in  a  line  with  the  north  of  that 
island  and  Tey  Kyoon.  This  latter  island  was  the  scene  of  a  similar  oocurrerioe  in  1843, 
Captain  Hopkinson's  account  of  which  I  send  a  copy  of.  I  am  inclined  to  believe  that  most 
of  these  rocks  and  islands  contain  cavernous  hollows  in  which  petroleum  or  other  gases 
are  generated,  and  that  they  occasionally  ignite  and  burst  out.  Several  men  who  were  at 
sea  tiliat  night  gave  me  different  versions  of  what  the  aspect  of  the  phenomenon  was  to 
them,  varied  of  course  by  the  different  positions  from  which  they  saw  it ;  I  am  of  opinion, 
however,  that  the  testimony  of  the  headman  at  Ka-moun-doon  is  the  most  trustworthy, 
and  my  own  opinion  inclines  to  an  endorsement  of  his  view. 
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Fsoic  CAFTiiiN  H.  HoPKiNSON,  Officiating  Senior  Assistant  Commissioner,  Sandoway,  to 
the  Commissioner  of  Arakan,  Akyab, — dated  25th  November  1843. 

Having,  in  compliance  with  the  instructions  contained  in  your  letter  to  my  address 
No.  838  of  the  21  st  ultimo,  proceeded  to  Rekeoog  or  Fiat  Island  for  the  purpose  of  making 
enquiries  into  the  volcanic  eruption  which  has  recently  been  observed  at  the  southern 
extremity  of  that  island,  I  now  beg  to  submit  to  you  the  result  of  my  enquiries  with  all 
the  information  I  have  been  able  to  collect  in  the  matter. 

2.  Before  I  give  the  substance  of  the  Thoogyee's  deposition,  I  will  endeavour  to  state 
what  I  saw  myself,  premising  shortly  that  whatever  island  may  have  been  formed  by  the  sub- 
marine volcano  has  either  sunk  or  perhaps,  being  merely  composed  of  mud  and  loose  volcanic 
fragments,  has  been  washed  away  during  the  south-west  monsoon,  leaving  no  trace  of  its 
existence,  and  not  even  haviog  disturbed  the  reef  of  rocks  among  which  it  is  said  to  have 
arisen.  I  lament  exceedingly  my  total  ignorance  of  geological  science  which  would  most 
probably  have  led  me  to  pass  over  much  which  was  really  valuable  whilst  I  noted  down  objects 
of  trivial  importance,  and  which  also  prevents  me  from  communicating  any  useful  observation 
I  might  have  made  in  such  language  as  would  be  understood  by  a  scientific  person. 

3.  I  arrived  at  Bugyoung  on  the  third  day  after  my  departure  from  Sandoway,  and 
immediately  put  myself  in  communication  with  the  Thoogyee  of  the  place,  whcse  attendance 
to  depose  what  he  knew  about  the  volcanic  eruption  and  also  to  act  as  my  guide  to  the  site 
of  their  occurrence  I  procured  for  the  following  day.  We  started  early  in  the  morning 
and  arrived  near  the  small  island  in  the  vicinity  of  which  the  eruptions  were  remarked  at 
8  P.u.  I  was  obliged  to  proceed  for  upwards  of  a  mile  from  the  island  itself  in  the  jolly- 
boat ;  reefs  of  sunken  rocks  running  out  in  eveiy  direction  preventing  a  nearer  approach  for 
the  schooner,  though  otherwise  the  water  was  of  a  considerable  depth,  being  from  two  to 
three  fathoms  within  a  boat's  length  of  the  little  island  itself.  My  office  has  not  been 
furnished  with  a  general  chart  of  the  province,  and  I  do  not  know  whether  the  island 
has  been  noted  or  not,  but  it  may  be  easily  identified,  as  I  was  careful  to  take  its 
exact  bearings  to  known  points  on  the  coast.  I  also  made  a  rough  survey  of  it  by  cir- 
cumferenter  and  enclose  a  sketch  thereof,  showing  the  bearings,  site  of  volcanic  eruption,  A».,&c. 
The  rocks  which  formed  the  basis  of  the  island  were  chiefly  the  common  sandstone  of 
Arakan,  interspersed  with  large  masses  of  rock,  of  which  No.  1  of  the  specimens  I  had  the 
honour  to  forward  in  the  Siodlloto  is  a  fragment.  I  could  obtain  no  distinct  traces  of  strati- 
fication on  any  part  of  the  island,  the  action  of  the  sea  having  broken  up  its  surface  into  a 
confused  mass  of  rocks.  I  have  marked  on  the  map  the  site  of  the  volcanic  eruption  as 
given  by  the  Soogree,  but  further  than  the  mere  direction  goes,  I  do  not  think  much 
dependence  can  be  placed  on  its  accuracy.  The  Soogree  never  visited  the  volcanic  island ; 
the  eruption  occurred  during  the  height  of  the  rains,  when  it  is  seldom  clear  for  even  a  few 
hours,  and  the  Soogree's  nearest  point  of  (observation  was,  I  should  say,  at  least  4  miles 
distant.  I  should  infer  that  the  eruption  must  have  been  on  a  small  scale,  since  from  the 
testimony  of  the  natives  it  appears  that  none  of  the  numerous  rocks  near  which  they  were 
observed  have  been  altered  in  position,  neither  cast  down  nor  upraised.  I  have  marked  on  the 
sketch  the  situations  from  whence  I  took  the  difEerent  specimens  before  alluded  to ;  the  trap 
rock  which  I  labelled  hornblende  was  broken  off  a  large  rock  about  12  feet  square  at  top. 
The  piece  I  have  called  felspar  was  from  an  adjacent  rock,  but  smaller.  I  could  only  find  the 
iron  pyrites  on  the  side  nearest  the  volcano ;  there  it  was  most  plentiful,  and  I  might  have 
collected  it  by  the  maund  ;  one  specimen  which  I  have  called  quartz  is,  I  believe,  limestone ; 
its  appearance  at  first  misled  me.  On  the  sand  mound  I  found  large  quantities  of  sponge  of 
different  kinds.  I  saw  no  coral  on  the  island,  nor  any  formation  of  it  among  the  rocks,  an 
unusual  circumstance  in  Arakan.    I  looked  for  pumice,  but  did  not  find  any. 
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4  The  above  is  all  that  occars  to  me  to  remark  upon,  and  I  shall  now  proceed  to  give  the 
substance  of  the  information  gained  from  the  Soogree :  he  states  that  in  the  month  of  Wageo 
or  June,  at  about  8  o'clock  in  the  morning,  he  observed  the  eruption  for  the  first  time,  issuing 
apparently  from  between  three  rocks  to  the  eastward  of  his  village  and  about  one  hour's  sail 
distance  from  it,  to  the  south  of  Thee-byoo-gyoung-let,  White  Sand  Island,  the  one  in  the 
sketch.  The  eruption  was  like  fire  of  a  bright  red  colour,  and  continued  withont  intermission 
for  three  days,  when  it  ceased,  and  deponent  then  observed  that  a  small  island  has  arisen 
from  the  sea ;  this  island  lastod  for  about  a  month,  but  he  cannot  say  when  it  actually  dis- 
appeared, for  the  weather  was  very  boisterous  during  the  whole  time,  and  it  was  only  by  a 
calm  sapervening  and  the  waves  subsiding  that  he  found  the  island  had  ceased  to  exist.  The 
surface  of  the  sea  was  as  before,  and  not  a  rock  was  displaced ;  deponent  did  not  visit  the 
volcanic  island,  nor  did  any  one  in  his  circle*  the  fury  of  the  waves  prevented  all  approach  to  it. 
When  he  first  visited  the  island  nearest  the  site  of  the  eruption,  the  only  change  he  noticed  was 
that  some  coooanut  trees  had  disappeared — ^probably  been  washed  away — which  were  planted 
there  about  two  years  ago.  During  the  time  the  eruption  continued  there  was  an  unaccount- 
able increase  of  water  in  the  wells  and  tanks  of  his  village ;  he  abo  felt  several  slight  shocks 
as  of  an  earthquake  during  the  time.  The  above,  meagre  as  it  is,  is  all  the  information 
I  could  obtain  from  the  Soogree,  but  it  was  fully  confirmed  by  the  different  inhabitants  of 
Kekeoong  whom  I  questioned  on  the  subject* 


DONATIONS  TO  THE  MUSEUM. 

Fboh  IsT  Apbil  to  30th  Junb  1880. 

Donors, 
Two  specimens  of  coal  shale  with  fossil  plants  from  the  Earharb4ri  coal-field, 

W.  G.  Olphebts,  Esq.,  C.E.,  P.G.S., 
Manager,  Karharhdri  Collieries,  JS.  I.  H, 

Porty-seven  specimens  of  tertiary  fossils  from  the  neighbourhood  of  S[asauli. 

A«  Mellob,  Esq., 
Head  Master,  Lawrence  Asylum,  Sanawar,  Kasauli, 

m 

Mandibles  of  Ehyncholatus  djeddensis  from  the  Madras  Coast. 

B.  M.  Da.lt,  Esq. 


ADDITIONS  TO  THE  LIBRARY. 

Fboh  Ist  Apbil  to  SOth  Jukb  1880. 

Titles  of  Boohs,  Donors, 

Abich,  Hbbbmank.— Geologische  Forsohungen  in  den  Kaukasischen  Iiandem,  Theil  I,  Eine 

Bergkalkfauna  aus  der  Araxesenge  bei  Djoulf  a  in  Armenien  (1878),  4to,  Wien. 
Adaks,  a.  Lbith. — On  the  Recent  and  Extinct  Irish  Mammals  (1878),  8vo,  Dublin. 
Ball,  V.— Jungle  Life  in  India  (1880),  8vo,  London. 

HoicB,  Rby.,  akd  Agbic.  Depabtmbnt. 
Baltzeb,  Db.  A.«-Der  Qlaraische  (1873),  Uo,  Zurich. 

Q 
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Tiiles  of  B^oki.  Donon. 

Bbddoxs,  Major  B.  H.— The  Flora  Sjlvatica  for  Soathem  India,    Parts  I-— XXVIII 
(1869-73),  4to,  Madnw. 

Thb  Indiait  Musbum. 
British  Mannf acturing  ladastries,  edited  hy  G.  P.  Beyan ;  Iron  and  Steel,  Copper  Smelting 
Brass  Founding,  Tin-plate  and  Zinc  Working,  2nd  Edition  (1876),  8ro,  London. 
Ditto  Ditto  Pottery,  Glass  and  Silicates,  Famitare,  2nd  fidition  (1877), 

^o.,  London. 

Ditto  Ditto  Metallic  Mining  and  Collieries,  Coal,  Building    Stones, 

Explosiye  Compounds,  2nd  Kdition  (1878),  Svo,  London. 
Bronn's  Elassen  und  Ordnungen  des  Thier-Beiohs.  Band  VI,  Ahth.  Ill,  Reptilien,  Lief.  2-4, 

and  6-7 ;  Band  VI,  Ahth.  Y,  Mammalia,  Lief.  23-25  (1879),  8vo,  Leipxig. 

Chubch,  John  A. — The  Comstock  Lode,  its  Formation  and  History  (1879),  4to,  New  York. 

CuNiriNOHAV,  Alex. — Ladak,  Physical,  Statistical,  and  Historical  (1854),  8yo,  London. 

Daubb£b,  a. — Etudes  Synth^tiques  de  G^logie  Exp^rimentale  (1879),  8yo,  Paris. 

D0TI.B,  P. — Petroleum  and  it»  Distillate  Eerosine  (1880),  8yo,  Brisbane. 

Thb  Atttrob. 

DuFB^NOT  BT  i^LiB  DB  Bbaumont. — Explication  de  la  Carte  G^ologique  de  la  France, 

Vols.  I  (1841),  II  (1848),  III,  pt  1  (1873),  and  lY,  pt  2  (J  879),  Text  only,  4tc, 

Paris. 
Flowbb,  Wk.  Hbnbt. — Catalogue  of  the  Specimens  illustrating  the  Osteology  and  Dentition 

of  Yertebrated  Animals,  Recent  and  Extinct,  contained  in  the  Museum  of  the  Royal 

College  of  Surgeons  of  England,  Part  I,  Man  (1879),  8vo,  London. 
Fbitsch,  Db.  Ant. — Fauna  der  Gaskohle  und  der  Kalksteine  der  Permformation  Bohmens 

Band  I,  hell  1  (1879),  4to,  Prag. 
GauDBT,  Albbbt.— G^ologie  de  L'  De  de  Chypre  (1859),  4to,  Paris. 
GBsyAis,  Paul. — Recherches  sur  les  Mammif^res  Fossiles   de  L'Am^rique   M^ridionale 

(1855),  4to,  Paris. 
GBByAis,  Paul. — Zoologie  et  Pal^ontologie  G6n^rales,  2nd  Series,  liyr.  1-3  (1876),  4to, 

Paris. 
Hunt,  Thomas  Stbbbt.— Chemical  and  G^logical  Essays,  2nd  Edition    (1879),   8yo, 

London. 
Malaisb,  C— Description  de  Gites  Fossilif^res  Deyoniens  et  D'  Affleurements  du  Terrain, 

Cr^tac^  (1879),  4to,  Bruxelles. 

MlNISTJ^BB  DB  L'  InTBBIBUB. 

Mbtbb,  Hbbkann  yON. — Die  Fossilen  Zahne  und  Enochen  und  ihre  Ahlagerung  (1834), 

4to,  Frankfurt-am-Main. 
Naumann,  Db.  C.  F. — Palaontologischer  Atlas,  plates  I — LXX,  4to.,  Leipzig. 
Kbuman  A.ND  Babetii.— Dictionary  of  the  Spanish  and  English  Languages,  New  Edition, 

Yols.  I  and  II  (1854),  8yo,  London. 
Oldham,  Thob. — Geological  Glossary,  edited  hy  B.  D.  Oldham  (1879),  8yo,  London. 
Pfaff,  Db.  F. — Allgemeine  Geologic  als  exacte  Wissenschiafb  (1873),  8yo,  Leipzig. 
Pfaff,  Db.  F. — Der  Mechanismus  der  Gehirgsbildung  (1880),  8yo,  Heidelberg. 
PoMBL,  A. — Pal^ntolog^e  du  Description  dee  Animauz  Fossiles  de  la  Pxoyinoe  D'  Onm : 

Spongiaires  (1872),  4to,  Oran. 
QuBirsTBiyr,  F.  G. — Petrefactenkunde  Deutschlands,  Band  YI|  Ahth,  I,  heft  4^  with  6  folio 

plates  (1879),  8vo,  Leipzig. 
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BoBMBB,  P.— Lethwa  GeognosHca,  Theil  I,  Lethaoa,  Palaeozoka,  Text-band,  lief.  I  (1880), 

8to,  Stuttgart 
SchlxointwbiTj-Sakunluniiki,  Hbbmank  ton.— Reiaen  in  Indien  and  Hocbasien,  Band 

III  and  IV  (1872  and  1880),  8vo,  Jena. 
Scientific  Results  of  tbe  Second  Yarkand  Mission,  Rbyncbota,  by  W.  i.  Distant  (1879), 

4to,  Calcutta. 

HoMB,  Rbt.,  and  Aobic.  Dbpabtmbnt. 

SiBRBB,  Rbvd;  Jambs.— The  Great  African  Island  (1880),  8vo,  London. 

Spon  8  Encydopffldia  of  the  InduBtrial  Arts,  Manufactures,  and  CJommeixsial  Products,  edited 

by  G.  G.  Andr^,  Division  I  (1879),  8vo,  London. 
WiBKLBB,  Db.  GusTAV  Gbobo.— Die  Schicbten  der  Avicula  Contorta  inner-und  Ausserbalb 

der  Alpen  (1859),  8vo,  Miinchen. 

PERIODICALS,  SERIALS,   &c. 
American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XIX,  Nos.  111-113  (1880),  8vo, 

New  Haven. 

Thb  Editobs. 

Annalen  der  Physik  nnd  Cfhemie,  Band  139-141  (1870),  and  New  Series,  Band  IX,  Nos.  3 

to  4,  and  X,  No.  5,  8vo,  Leipzig. 
Annales  des  Mines,  7th  Series,  Vol.  XVI,  No.  6  (1879),  8vo,  Paris. 
Annales  des  Sciences  G^ologiques,  Vok.  II,  (1870),  to  X  (1879).  8vo,  Paris. 
Annales  des  Sciences  Naturelles,  6th  Series,  Vol.  VIII,  Botanique,  Nos.   3-6  (1879),  IX, 

No.  1  (1880),  and  Zoologie  et  Paleontologie,  Vol.  VIII,.  Nos.  4-6  (1879),  8vo., 

Paris. 
Annals  and  Magarine  of  Natural  History,  6th  Series,  Vol.  V,  Nos.  28—30  (1880),  8vo, 

London. 
ArcMv  fur  Naturgeschichte,  Jahrg.  XLV,  heft  5,  and  XLVI,  heft  2  (1879  and  1880X  8to, 

Berlin. 
Athenaum,  Nos.  2733—2745  (1880),  4to.,  London. 
Beiblatter  au  den  Annalen  der  Physik  und  Chemie,  Band  I,  Nos.  2-12  (1877) ;  II  (1878)'; 

and  IV,  Nos.  3—6  (1880),  8vo,  Leipzig. 
Biblioth^ue  Universelle:  Archives  des  Sciences  Physiques  et  Naturelles,  8rd  Series,  Vol.  Ill, 

Nos.  1—4  (1880),  8vo,  Geneva. 
Biblioth^ue  Universelle  et  Revue  Suisse,  3rd  Series,  Vol.  V,  Nos.  2  to  3,  and  VI,  No.  4,. 

(1880),  8vo,  Lausanne. 
Botanisches  Centralblatt,  Nos.  1—13  (1880),  8vo,  Leipzig. 
Chemical  News,  Vol.  XLI,  Nos.  1069-1071  (1880),  4to,  London. 
Colliery  Guardian,  Vol.  XXXIX,  Nos.  1002-1014  (1880),  foL,  London. 
Das  Ausland,  Nos.  10-22  (1880),  Roy.;8vo,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VII,  Nos.  4-6  (1880),  8vo,  London. 
Iron,  Vol.  XV,  Nos.  374-386  (1880),  fol.,  London. 
Journal  de  Conchyliologie,  3rd  Series,  Vol.  XX,  No.  1  (1880),  8vo,  Paris. 
Journal  of  Science,  3rd  Series,  Vol.  II.  Nos.  76-78  (1880),  8vo,  London. 
Just,  Db.  Lbopold.— Botanischer  Jabresbericht,  Jahrg.  V,  Abth.  3,    1877  (1879),   8vo, 

Berlin. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  6th  Series, 

'  Vol.  IX,  Nob.  66—68  (1880),  8vo,  London, 
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Mining  Joarnal»  witb  Sapplemeni,  Vol.  L,  Nob.  2324—2386  (1880),  foL,  London. 

NatarsB  Novitates,  Nos.  1—10  (1880),  8yo,  Berlin. 

Nature,  Vols.  XXI,  Nos.  541-^48,  and  XXII,  Nob.  549*653  (1880),  4fco,  London. 

Neuea  Jahrbnch  fur  Mineralogie,  Geologie,  nnd  Paiaeontologie,  Bond  I,  faefi  8  (1880),  870. 

Stuttgart. 
Ocean  Higbways,  New  Seriea,  Vol.  I,  Nos.  0  (1873),  and  10  (1874),  8vq,  London. 
Palseontographioa,  Band  XXYI,  lief.  4  (1880),  4to,  Cassel. 
Pal^ntologie  Fran9ai8e,  let  Series,  Animaux  Invert^r^,  Terrain  Jurassiqo^   £chinidef 

B^guliers,  livr.  43  (1880),  8vo,  Paris. 
Petermann's  GeograpliiBcbe  Mittheilungen,  Band  XXVI,  Nos.  3 — 5  (1880),  4to,  Gotha. 
Petermann's  Geographiscbe  Mittheilungen,  Supplement,  Nos.  60  Jk  61  (1880),  4to,  Gotha. 
Professional  Papers  on  Indian  Engineering,  2nd  Series,  Yol.  IX,  No.  36  (1880),  8vo, 

Boorkee. 

ThOKASON  CoLLBOB  of  CiTIL   ENGIFBBRIira. 

Quarterly  Journal  of  Microscopical  Science,  Yol.  II,  No.  7  (1854);  No.  XXY  (1858),  and 
No.  XXYIII  (1859) ;  and  New  Series,  Yol.  XIII,  Nos.  49—51  (1873) ;  and  XX» 
No.  78  (1880),  8vo,  London. 

Thomason  Civil  Engineering  College  ^Calendar  for  1878  and  1880  (1878  and  1880),  8vo, 
Koorkee. 

Thomason  Collbob  of  Cxtil  EiraiKiBBiiro. 

GOYERNMENT   SELECTIONS,  Ac. 

BxKOAi..— Beport  on  the  Adminbtration  of  Bengal  for  1873-74  to  1878-79  (1875-79),  8t<v 

Calcutta. 

GOTBBKKBBT  OF  BbNOAI;* 

M         B1CKBTT8,  Hekbt. — Beports  on  the  Districts  of  Midnapore  and  Cuttack  (1858), 
870,  Calcutta. 

HOMB,  BbY.,  &  AgBIC.  DBFABnCBHT. 

„         Selections  from  the  Becords  of  the  Goremment  of  Bengal,  Nos.  XXI Y,  XXXI !» 
XXXIII  pt.  3,  aud  XXXYIII  (1856, 1859, 1860,  and  1861).  8to,  Calcutta. 

GOTXBVHXHT  OF  BbkOAL. 

„         Wbstlavd,  J.— a  Beport  on  the  District  of  Jessore ;  its  Antiquities,  its  History 
and  its  Commerce,  2nd  Edition  (1874),  8to,  Calcutta. 

HoMB,  BxT.,&  Aobic.  Dbpabtmbrt. 

Htdebabad.— statistical  Beport  on  Gangra  or  Meilghat,  flso. 

HoMB,  Bbt.,  &  AoBic.  Dbpabtxbht. 

Ihdia.— General  Beport  on  the  Operations  of  the  Survey  of  India  during  1878-79  (1880X 

flsc.,  Calcutta. 

Sttbyetob  Genxbal  of  India. 

„         Indian  Meteorological  Memoirs,  Yol.  I,  pt.  4  (1880),  4to,  Calcutta. 

Mbtbobological  Bbpobtbb  to  Govbbnxbnt  of  Ikdu. 

H         Begisters  of  Original  Observations  in  1879,  reduced  and  corrected.    February  and 

March  1879  (1880),  4to,  Calcutta. 

Mbtbobolooical  BbfobKb  to  Govbbkmbbt  of  Ibdia 
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IlTDiA. — ^List  of  CiTil  Officers  bolding  Gazetted  Appointments  under  the  GoTemment  of  India 

in  the  Home,  Revenue,  and  Agricultural  Department,  the  Legislatiye  and 
Foreign  Departmentsi  on  Ist  January  1880  (1880),  8vo,  Calcutta. 

HoKB,  Rev.,  A  Aobic.  Dbpabtment. 

„        List  of  Officers  in  the  Survey  Departments  on  the  Ist  January  1880  (1880),  flso., 

Calcutta. 

HoHB,  Rbt.,  &Agbic.  Defabthbitt. 

„        Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 

No.  162.    Report  on  the  Political  Administration  of   the  Rajputana 
States  for  1878-79  (1880),  8vo,  Calcutta. 

FOBEIGK   DbFABTUBNT. 

„        Selections  from  the  Records  of  the  Government  of  India,  Foreign   Department, 

No.  164.    Report  on  the  Administration  of  the  Ajmere  and  Mhairwara 
Districts  for  1878-79  (1879),  8vo,  Calcutta. 

FoBXiOF  Dbfabtvbnt. 

„        Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 

No.  165.    Report  on  the  Administration  of  the  Persian  Gulf  Political 
Residency  and  Muscat  Political  Agency  for  1878-79  (1880),  8vo,  Calcutta. 

FOBBION   DEFABTMBNT. 

t,        Selections  from  the  Records  of  the  Government  of   India,  Foreign  Department, 

No.    166.     Report  on  the  Political  Administration    of  the  Territories 
within  the  Central  India  Agency  for  1878-79  (1880),  8vo,  Calcutta. 

FOBBIGN  DbFABTUBKT. 

Mapbas. — Cabmichabl,  D.  F.— A  Manual  of  the  District  of  Yizagapatam,  in  the    Presi- 
dency of  Madras  (1869),  8vo,  Madras. 

HovB,  Rby.,  &  Agbic.  Dbfabtment. 

Cbole,  C.  S. — The  Chingleput,  late  Madras,  District  (1879),  8vo,  Madras. 

HoHB,  Rbv.,  &  Agbic.  Dbfabtment. 

Maclbak,  C.  D.*— Standing  Information  regarding  the  Official  Administration 
of  the  Madras  Presidency  in  each  Department,  2nd  Edition,  revised  to 
March  1879  (1879),  8vo,  Madras. 

MaDBAS  GoVEBNaCBNT. 

„  MoBBis,  Hbkbt. — A  Descriptive  and  Historical  Account  of  the  Godaveri  District, 

in  the  Presidency  of  Madras,  (1878),  8vo,  London. 

HoMB,  Rev.,  &  Agbic.  Dbfabtment. 

„  Selections  from  the  Records  of  the  Madras  Government,  No.   XLV.    Papers 

relating  to  the  Survey  and  Settlement  of  the  Salem  District  (1879),  8vo, 
Madras. 

Mabbas  Govebnment. 

N.-W.  Pbotincbs.— Oldham,  Wilton. ^Historical  and  Statistical  Memoir  of  the  Ghazi- 

pur  District,  Part»  I  &  II  (1870  and  1876),  4to,  Allahahad. 

Home,  Ret.,  &  Agbic.  Dbfabtment. 

I,  Peabson,  Caft.  Q.  F. — Report  on  the  Mundla  District  south  of  the 

Narhada  (1860),  8vo,  Allahahad. 

Home,  Rev.,  &  Agbic.  Dbfabtment. 
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N.-W.  Pboyiitces. — Singh,  Kuab  IiACfHVJLK. — Historical  and  Staturtical  Memoir  of  ZiU 

Balandflfaahsr  (1874),  870,  Allahabad. 

Hon,  Bby.,  &  Aqbic.  Dbfastmbht*. 
Punjab. — Gazetteer  of  the  LiMlhiana  District,  8vo. 

HOHB,  RbY.,  &  AOBIO.  DSFABTinENT. 

f,  Ga2setteer  of  the  Bohtak  District,  8vo. 

HoMB,  Rbv.,  &  Agbic.  Dbfabtkxnt. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OP  SOCIETIES. 

Belfast. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society  for  1872-73 

(1874),  8vo,  Belfast. 

Thb  Socibtt. 

Beblin. — ^Monatsbericht  der  Konig.  Pbeuss.  Akademde  der  Wissenschaften,  December  1879 

and  January  1880  (1880),  870,  Berlin. 

Thb  Acadbmt. 

„         Zeitsohrift  der  Deutschen  Geologischen  Gesellschaft^  Band  XXXI,  heft  4  (1879), 

8vo,  Berlin. 

Thb  Socibtt. 

BoLooNA.—- Nov!  Commentarii  AcademisB  Scientiarum  Instituti  Bononiensis,  Vols.  I  (1834), 

to  X  (1849),  and  Indices  Generales  (1855),  4to,  Bononise. 

Thb  Acadbmt. 

„  Memorie  dell'  Accademia  delle  Scienze  dell'  Istituto  di  Bologna,  Vols.  XI  (1861), 

XII  pts.  1-4,  (1862),  and  Indici   Generali  1850  to   1870:    2nd   Series, 

Vols.  I  (1862)  to  X  (1870) ;  3id  Series,  Vols.  I  (1871)  to  IX  (1878),  4to, 

Bologna. 

Thb  Acadbmt. 

tt  Aggiunta  alia  C^llezione  delle  Opere  del  oelebre  Professore  Laxgi  Galrani  (1842), 

4to,  Bologna. 

Thb  Acadbmt. 

„  Opere  edite  ed  inedite  del  Professore  Luigi  Galvani  (1841),  4to  Bologna. 

Thb  Acadbmt. 

Boston. — Memoirs  of  the  Boston  Society  of  Natural  History,  Vol.  Ill,  pt.  I,  Nos.  1  &  2 

(1878-79),  4to,  Boston. 

Thb  Socibtt. 

„  Proceedings  of  the  Boston  Society  of  Natural  History,  Vols.  XIX,  pts.  3  &  4, 

and  XX,  pt.  1  (1878-79),  8vo,  Boston. 

Thb  Socibtt. 

„  Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New  Series,  Vol.  VI 

(1879),  8vo,  Boston. 

Thb  Acadbmt. 

Bbussbls.— Bulletin  de  la  Soci^t^  Beige  de  G^graphie,  No.  6  (1879),  and  No.  1  (1880) 

8to,  Brussels. 

Thb  Socibtt. 

yy  Commission  de  la  Carte  G^logtque  de  la  Belgique.    Texte  Explicatif  du  Lev^ 

G^ologique  des  Planohettes  d'Hoboken  et  de  Gontich.    With  3  Maps 

(1880),  8vo,  Brussels. 

Thb  Commissiok. 
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Calcutta.— Journal  of  the  Agricultural  and  Horticultural  Society  of  India,  New  Series, 

Vol.  VI,  No.  2  (1880),  8vo. 

The  Socibtt. 

„  Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLIX,  pt.  I,  No.  1, 

and  pt  II,  No.  1  (1880),  8vo,  Calcutta. 

The  Society. 

n  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nob.  I — 5,  (1880),  870,  Calcutta. 

The  Society. 

„  Memoirs  of  the  Geological  Survey  of  India,  Vols.  XVII,  pt.  2,  and  XV,  pt.  2 

(1880),  8vo,  Calcutta. 

The  Subvby. 

M  Palffiontologia  Indica,  Series  XIII,  pt.  2,  and  X,  pt.  4  (1880),  4to,  Calcutta. 

Geological  Survey  of  Ikdia. 

„  Hecords  of  the  Geological  Survey  of  India,  Vol.  XIII,  pt.  2  (1880),  8yo,  Calcutta. 

The  Subtey. 

Cambbidoe.— Bulletin  of  the  Museum    of    Comparative  Zoology,  Vols.  IV   (1878),  V, 

Nos.  2-10  (1879),  and  VI  Nos.  3—7  (1878-80),  8vo,  Camhridge,  Mass. 

Museum  of  Coupabative  Zoology. 

M  Memoirs  of  the  Museum  of  Comparative  Zoology,  Vol.  V,  No.  2,  and  Vol.  VI, 

No.  1  (1st  part),  (1877-79),  4to,  Camhridge,  Mass. 

Museum  of  Comfabativb  Zoology. 

DBB8DS5. — Sitzungs-herichte  der    Naturwissenschaftlichen  Gesellschaft  Isis   zu  Di'esden, 

Jahrgang  1861,  1863, 1864,  and  1865  No.  1, 1870  April  to  June,  1877 

January  to  June,  1878  January  to  Julj,  and  1879  July  to  December,  8vo- 

Dresden. 

The  Isis  Society. 

„         Natorwissenschaf tliche  BeitrSge  zu  Kenntniss  der  EaukasuslSuder  (1878),  8vo, 
Dresden. 

The  Isis  Socibtt. 

Ediebubgh. — Proceedings  of  the  Royal  Society  of  Edinburgh,  Vol.  I  Nos.  1 — 3  and  6—24, 

and  Vols.  II  and  III  (1846, 1861,  and  1867),  8vo,  Edinburgh. 

The  Society. 

„  Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vol.  X,  pt.  2  (1879),  8vo, 

Edinburgh. 

The  Society. 

Fbavkfuet-Am-Main. — ^Abhandlungen    von    der     Senckenbergischen    Naturforschenden 

Gesellschaft,  Band  XI,  heft  4  (1879),  8vo,  Frankfurt-Am-Main. 

Geneva. — ^M^moires  de  la  Soci^t^  de  Physique  et  d'Histoire  Naturelle  de  Geneve,  VoL  XXVI, 

pt  2  (1879),  4to,  Geneva. 

The  Society. 

Uabbisbubg.— HuKT  T.  Stebby.— Second  (jreological  Survey  of  Pennsylvania;  1876,  Special 

Report  on  the  Trap  Dykes  and  Azoic  Rocks  of  South-Eastem  Pennsyl- 
vania,  pt.  I,  Historical  Introduction  (1878),  8vo,  Harrisburg. 

GEuL.  SuBYBY  of  PsifNSYLVAiriA. 
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INDIAKAP0LI8. — 8tb,  0th,  aod  lOib  Annnal  Reports  of  the  Geological  Survey  of  IndiaoA, 

made  during  1876-77-78  (1879),  8yo,  Indianapolis. 

Gbol.  Subybt  of  Indiana. 

London. — ^B&itish  Museum.    Oatalo^e  of  the  Specimens  of  Lizards  in  the  Collection  of  the 

British  Museum  (1845),  8ro,  London. 
London.-^Bbitish  Musbuh.    Catalogue  of  the  Tortoises,  Crocodiles,  and  Amphisboeniaiis 

in  the  Collection  of  the  British  Museum  (1844),  8to,  London. 
London. — Bbitish  Mubbum,  Clabk,  Bbv.  Haulbt.     Catalogue  of  Halticidas    in     the 

Collection  of  the  British  Museum,  pt  I,  Physapodes  and  (Edipodes  (1860) » 

8to,  London. 
London. — ^Bbttish  Musbum.     Haobn  Db.  H.    Catalogue  of  the  Specimens  of  Neurop- 

terous  Insects  in  the  Collection  of  the  British  Museum,  pt.  Y,  Termitina 

(1858),  8yo,  London. 
London. — Bbitish  Musbuk.     List  of  the  Mollusca  in  the  Collection  of  the  British 

Mnsexun,  pt  11,  OlividsB  (1865),  8vo,  London. 
London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Yol.  IX, 

Nos.  3  and  11  (1879),  8to,  London. 
London. — Journal  of  the  Boyal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 

Vols.  XII,  pt.  1,  and  XI,  pt.  3  (1879-80),  8vo,  London. 

Thb  Socixtt. 

LoNDON.-^oumal  of  the  Society  of  Arts,  Vol.  XXVIII,  Nos.  1425—1437  (1880),  8vo, 

London. 

Thb  Socibtt. 

„  Palffiontographical  Society.  A  Monograph  of  the  British  Fossil  Crustacea  belong- 
ing to  the  Order  of  Merostomata,  pt.  I,  Pterygotus,  by  Uenry  Woodward 
(1866),  8yo,  London. 

„        Palseontographical  Society's  publication,  Vol.  XXI  (1867),  4to,  London. 

„  Proceedings  of  the  Boyal  Geographical  Society  and  Monthly  Record  of  Geography. 
New  Series,  Vol.  II,  Nos.  2—5  (1880),  8yo,  London. 

Thb  Socibtt. 

„  Proceedings  of  the  Boyal  Society  of  London,  Vol.  XXIX,  No.  199,  and  XXX, 
Nos.  200-202  (1879-80),  8ro,  London. 

Thb  Socibtt. 

„  List  of  Vertebrated  Animals  now  or  lately  living  in  the  Gardens  of  the  Zoological 
Society  of  London.  First  Supplement  containing  additions  received  in 
1879  (1880),  8vo,  London. 

Thb  Socibtt. 

„        Proceedings  of  the  Zoological  Society  of  London,  No.  lY,  1879  (1880),  8vo, 

London. 

Thb  Socibtt. 

„  Transactions  of  the  Zoological  Society  of  London,  Vols.  X,  pt  13,  and  XI,  pt  1 
(1879-80),  4to,  London. 

Thb  Socibtt, 

Quarterly  Journal  of  the  Geological  Society  of  London,  YoL  XXXVI,  pt  1, 
No.  141  (1880),  8vo,  London. 

Thb  Socibtt, 
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LoKDOV. — ^Report  of  the  86ih  Meeting  of  ilie  RritiBh  Association  for  the  Advancement  of 

Science  held  at  Birmingham  in  September  18^  (1866),  8vo,  London, 
MADBiD.«-BoIetin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  YIII,  Nos.  1—4  (1880),  8vo, 

Madrid, 

Thb  Socibtt. 

MAircHB9TBB.-^Tran8aciionB  of  the  Manchester  Geological  Society,  Vol.  XY,  pts.  12  and 

13  (1878),  8to,  Mancheiter. 

Thb  Socibtt. 

MBLBorBVB."*Geological  Sxurey  of  Victoria.    Prodromus  of  the  Palnontology  of  Victoria, 

bj  Fxed«  McCk)y,  Decade  VI  (1879),  8vo,  Melbonme. 

Gbolooical  Subybt  ov  Viotobia. 


*% 


II 
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Mineral  Statistics  of  Victoria  for  1879  (1880),  8?o,  Melbonme. 

JUiviva  DbfabtmbvTi  VictobU. 

Beports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  Slst 
Pecember  1879  (18S0),  fUc.,  Melbonme. 

MiHiiia  Dbpabtxbnt,  Victobia. 

Transactions   and  Proceedings  of  the  Boyal  Society  of  Victoria,  Vol.  VI 
(1865),  8yo,  Melbourne, 

Thb  Society. 

MiLAKO.— Atti  della  Societa  Italiana  di  Scienze  Nati^rali,  Vols.  XI  (1868)  to  XXII,  Nos 

'     1—8  (1879),  8vo,  Mil^no, 

Thb  Socibtt. 
„         La  FiUosMTA  ft  Valmaderera  (1879),  8vo.  Milano, 

Thb  Socibtt. 

„         Begolamento  della  Societa  Italiana  di  Science  Natural!  (1879),  8vo,  pamphlet, 

Mihmo, 

Thb  Socibtt. 

„         Belazione  Annnale  della  Ck)mmise!one  di  Sorveglianasa  Qontro  la  Filloesera  (1879), 

8vo,  pamphlt*     |  Milano. 

Thb  Socibtt. 

Moscou. — Bulletin  de  la  Sod^t^  Imp^riale  dee  Uaturali^tes  d$  Moacou,  Vol.  LIV,  Nos.  2 

and  8  (1879),  8vo,  Moscou, 

T^B  Socibtt. 

MUNICH. — Abhaadlungen  der  Math-Phys.  Classe  der  Eoniglich.  Bayerischen  Akademie  der 

Wissensohaften,  Band  VI  (1952),  and  VIII  Abth.  I  (1867),  4to,  MUnchen. 
Kbw  Hatbv, — Transactions  of  the  Gon|iecticut  Academy  of  Arts  and  Sciences,  Vol,  V,,  pt«  I 

(1880),  8vo,  New  Haven, 

Thb  Acapbht. 

PbK2;abcb,— ^T^xirtieth  Annuf^l  Report  of  the  Council,  with  the  President's  address  (1843), 

8vo,  Penzance« 

Thb  SpciBTT. 

^  Transactions  of  the  Royal  Geological  Society  of  Cornwall,  Vol.  I^  pt.  I  Vi  and 

X»  pts.  l-'S  (1877*79),  8vO|  Penzance, 

Thb  Socibtt. 
h 
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pHiLADEtPHiA.— Jonnial  of  the  Franklin  Institate^  8rd  Series,  Vol.  LXXIX,  Not.  8 — 5 

(1880),  8to,  Philadelphia. 

TfiS  Ikritutx. 

a  Proceedings  of  the  American  Philosophical  Society,  Vol.  XYIII,  Kos.  103. 

and  104  (1879),  8vo«  Philadelphia. 

'  ThC  SoCtSTT. 

Pisa.— Atti  della  Societa  Toecana  di  Scienze  Katurali,  Processi  Verhiili,  14  Marzo.  1880, 

(1880),  8tO|  Pisa. 

TSS  SOCIBTT. 

Home.— Atti  della  B.  Accadetnia  dei  Lincei,  3rd  Series,  Transunti,  Vol.  fV  fuse.  3—5,  (1880) 

4to,  Roma« 

■  Thb  Acadext. 

SALElc.-Balletin  of  the  Essex  Institute,  Vol.  X  Nos.  1—12  (1878),  8yo,  Salem. 

The  Institute. 

Si96AF0EB«— Jonmal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  4  (1880),  8vo, 

Singapore^ 

The  Socibtt. 

St.  PEtEB8BUBO.*>'Balletin  de  I'Aisad^mie  Imp^riale  des  Sciences  de  St.  P^tersbouirg,  Vol. 

XXV,  Nos.  3—4  (1879),  4to,  St.  P^tersbourg. 

The  Academy. 

„  M^moires  de  TAcad^mie  Imp^riale  des  Sciences  de  St.  P^tersbourg,  7th 

Series,  Vol.  XXVI,  Nos.  12—14,  and  XXVIl,  No.  1  (1879),  4to,  St. 
P^tersboorg. 

The  Academy. 

Svt)trEt.— Anboal  Report  of  the  Department  of  Mines,  New  South  Wales,  for  1877  (1878), 

4to,  Sydttet . 

Dept.  of  Mikes,  N.  S.  W. 

„  Journal  and  Proceedings  of  the  Hoyal  Society  of  New  South  Wales,  Vol.  XII, 

1878  (1879),  8vo,  Sydney. 

'     •  The  Society. 

'I'asMaKia.— Molithly  Notices  of  Papers  and  Proceedings  of  the  Royal  Society  of  Tasmania 

for  1874-75  (1875-76),  8vo,  Tasmania. 

The  Society. 

ViEKKA.— Denkscriftendeif  Kais.    AkaJemie  der  Wissenschaflen,  Band  XXXIX  (1879),  4to 

Wien. 

The  Academy. 

Sittungsberichte  der  Kais.  Akaden\ie  der  WiRsenschaften,  Band  LXXVII,  Abth. 
Iheft5,  Abth.n  heft  4  &  5,  and  Abth!  Ill  heft  1—6;  Band  LXXVII 
Abth.  I  heft  1—5,  Abth.  II  heft  1—6.  Abth.  Ill  heft  1—6 ;  Band 
LXXIX,  Abth.  II  heft  1—3,  and  Abth.  Ill  heft  1—6,  (1878-79),  8vo, 
Wien. 

The  Academy. 

„        Jahrbuch   der  Kaia.  Konig,   Geologischen  Reichsanstalt;    Band  XXIX,  No.  4. 

(1879),  8vo,  Wien. 

The  Institcte. 
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ViBKVA. — Yerhandlangen  der  K.  E.  Qeologischen  BeichBanstalt,  Nos.  4—8  (1880),  8vo, 

Wien. 

The  Institute. 

Washington. — Bulletin  of  the  United  States  Entomological  Commission,  No.  2,  Second 

Edition  (1877),  8vo,  Washington. 

The  Survey. 


I' 
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Bulletin  of  the  United  States  Geological  and  (Geographical  Survey  of  the 
Territories,  Vol.  V,  No.  1  (1879),  8vo,  Washington. 

U.  S.  GsoL.  &  Geoo.  Survey. 

Haydbn,  p.  v.— Preliminary  Report  of  the  Field  Work  of  the  U.  S.  Geolo- 
gical and  Geographical  Survey  of  the  Territories  for  the  season  of  1878 
(1878;,  8vo,  Washington. 

The  Survey. 

NoRRis,  P.  \f, — Report  upon  the  Yellowstone  National  Park  for  1878 
(1879),  8vo,  Washington. 

The  Survey. 

Sketch  of  the  Origin  and  Progress  of  the  U.  S.  Geological  and  Geographical 
Survey  of  the  Temtories  (1877),  8vo,  Washington. 

The  Survey. 

U.  S.  Geological  Survey:  Miscellaneous  Publications,  No.  1  (1873),  No.  I, 
3rd  Edition  (1875),  Nos.  5  and  6  (1874),  8vo,  Washington. 

The  Survry. 

Wellington. — Buchanan,  John. — Manual  of  the  Indigenous  Grasses  of  New  Zealand 

(1880),  8vo,  Wellington. 

Geol.  Survbt  of  New  Zealand. 
ToKOHAMA.—^Mittheilungen  der  Deutschen    Gesellschaft    fur    Natur  und  Yolkerkunde, 

Ostasiens,  heft  XVI  (1878),  and  February  1880,  flsc.,  Yokohama. 

The  Society. 

York. ^Annual  Report  of  the  Yorkshire  Philosophical  Society  for  18704878,  1876,  <&  1878, 

8vo,  York. 

The  Society. 
July  12th,  1880. 
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Osr  SOMti   PlEISTOCEKB    DEPOBttd    of  THE    NOBTHEBN    PONJAB,  AND    THE   EVIDENCE 
THET  AFFORD    OF  AK   EXTREME    CLIMATE    DUBINQ  A   PORTION    OF   THAT   PERIOD^ 

hy  W.  1?HA0BALD,  Oeologicdl  Survey  of  India. 

The  depoBiis  to  which  I  propose  to  direct  attention  in  the  following  tiote$ 
are  those  oommonly  called  '  recent  deposits/  and  as  such  commonlj  neglectedi 
though,  if  patiently  interrogated,  they  are  capable  of  afiEording  a  key  to  the  sola- 
tion  of  some  interesting  questions  bearing  on  mundane  physics  of  no  very  remote 
age.  t  aUude,  of  course,  to  the  much-vexed  question  of  the  extension,  uniyersal 
or  otherwise,  of  glacial  phenomena  during  a  '  great  ice  age,'  and  particularly 
of  the  proofs,  pro  or  ctm,  for  the  existence  of  any  such  glacial  phenomena  in  or 
near  the  plains  of  India,  or  at  so  low  a  level  in  the  Northern  Punjab  as  2,000 
or  thereabouts.  So  long  ago  as  1867,*  Dr.  Yerchere  recorded  the  presence  of 
^erratic*  blocks  in  the  Potwar  at  less  than  2,000  feet  altitude  (Jour.,  As. 
Soai  Bengal,  Vol.  XXXYI,  Part  II,  p.  113) ;  but  from  the  known  liability  of 
the  Indus  valley  to  cataclysmal  inundations,  consequent  on  the  bursting  of  dams 
in  its  upper  portion,  the  true  bearings  of  these  masses  have  never  been  properly 
appreciated,  nor  has  any  attempt  been  made  to  study  the  facts  in  detail  or  in* 
tjarpret  the  relation  they  bear  to  the  general  geological  history  of  the  district, 
and  to  postulate  the  conclusions  we  may  legitimately  deduce  therefrom.  The 
following  papers  may  be  beneficially  consulted  as  be»ing  on  the  matters  in 
question,  and  I  cannot  better  preface  my  present  remarks  than  by  briefly  review* 
ing  what  has  been  already  written  on  the  subject,  and  pointing  out  which  state- 
ments require  modifying,  and  wherein  I  differ  from,  or  coincide  with,  the  opinions 
of  the  writers  I  quote  below-^ 

Wynne,  Beoordf,  V6L  X,  pp.  107,  lU,  188. 
Theobald    „         •»     X,  p.  140. 
M  M  n     X,  p.  283. 

Wynne,  Memoirs,  „     XIV,  p.  116. 
Lydekker,  Beooide,  Vol.  XII,  p.  29. 
Wynne,  „  „    XII,  p.  114. 

Blanford,  Manual,  pp.  Ixz,  878,  51^  586. 
MedUcott,      „        p.66a 
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In  tiie  first  paper  Mr.  Wynne  describes  tlie  relations  and  characters  of  the  post- 
tertiary  and  superficial  deposits  of  the  North- Western  Punjab.  These  deposits 
he  divides  into  an  upper  allayinm  (elsewhere  termed  loess),  largely  imbued  in 
places  with  soda  salts,  and  much  cut  up  by  ravines ;  and  a  lower  division  formed 
of  "  coarse  pebble  beds  and  sand  or  clay."  These  beds  are  described  as  not  only 
fiilling  the  valleys,  but  covering  large  tracts  of  country,  as,  for  example,  in  the 
neighbourhood  6f  B&walpindi  and  elsewhere.  They  atis  described  as  rising  ta 
S,000  feet  above  the  sea ;  but  this  estimate  may  be  indefinitely  extended*  if  we 
take  into  consideration  the  homologous  deposits  which  were  being  ootemporane- 
6usly  formed  within  the  hillsiand  the  high  level  gravels  of  the  large)rrive1r  valleys. 
Mr.  Wynne's  estimate,  however,  probably  is  meant  only  to'  include  the  deposits 
in  the  immediate  vicinity  of  the  outer  hills  of  the  Haz^btt  district.  The  tertiaiy 
period  may,  in  fact,  be  described  as  closing  in  a  great  subsiding  movement  of 
the  Himalayan  region,  whereby  the  river  valleys  became  filled  up  to^  the  height  of 
several  hundred  feet  by  coarse  river  deposits,  and  the  whole  cotditry  overspread 
by  the  gravels  and  the  high-level  a&uviiun  iV'hich  rests  on  them. 

One  remark  of  Mr.  Wynne  I  believe  to  be  erroneous.  At  page  124  we  read, 
''  With  regard  to  the  existence  of  a  glacial  period  affecting  the  uppto  Punjab  in 
very  recent  geological  times,  the  only  ervidekice  the  ctmntry  seemiB  to  offer  is  in  the 
occurrence  of  the  formerly  Indus-bome  ciystalline  fragments  at  heights  of  somia^ 
2,000  feet  above  the  present  bed  of  the  river.  These'  would  indicate  either  a  very 
liate  elevation  of  the  region  traversed  by  the  Indus,  or,  that  when  it  ran  in  a 
channel  so  much  higher,  the  hilly  country  to  the  northward  may  have  been  as" 
much  more  lofty  (or  even  higher  still),  and  regions  of  perennial  snow  much  nisarer 
than  they  are  at  present."  The'  above  passage  is  couched  in  genertd  terms;  but 
I  have  reason  for  knorvring  that  it  particularly  refe1^s  to  t^e  GhitapahAr  range 
south  of  Attock,  and  the  word  '  fragments','  which  might  be  st^posed  to  refer  ta 
*  erratics '  really  means  only  tbe  JToUed  boulders  of  the  Indus  gravel.  As,  how^ 
ever,  I  felt  very  sceptical  that  the  Indus,  abandoning  Its  deep  and  rocky  gorge  to-' 
the  west  of  the  Chitapahir  hills,  had  ever  really  flowed  here  and  there  over  the' 
crest  of  that  range,  I  addressed  enquiries  on  this  point  to  my  colleague;  tfnd  his- 
reply,  thox^h  intended,  I  think,  to  some  extent  as  confiro^kiEhtory  of  sndi  an  idea^ 
r^kUy  supports  my  ewn  opinion  on  the  subject  to  the^  contrary.  In  his  reply^ 
Mr.  Wynne  say9: — "One  swallow  don't  make  a  summer,  one  pebble  would  not  make 
a  gravel ;  so  I  ccaiH  declare  there  is  any  big  deposU  of  tndusr  gravel  on  the  Ohita 
range^  but  all  the  same  there  are  good  large  lumps  of  the  Indus  Boulidef  deposits 
scattered  about  on  the  ranges  of  B&gh  and  Choi,  st  heights  of  2,600  fa  3,000  feet; 
too  numerous  to  have  been  carried  up  by  humais;  toho  would  not  had  f^emsehet 
with  two  or  three  seertf  or  more  of  siuh  stones  {gneiss^  ^.)  and  earry  tltem  up 
some  iheusands  of  feet  for  the  fmn  of  the  ihingt  &r  asr  prismiers  da  shoi  drilW* 
Now  I  think  these  words  of  my  colleague  establish  the  fact  that  there  is  na 
deposit  dt  gravel*  on  the  Ghitapah&r  range,  and  that  the  inference  of  the  former 
course  of  the  Indus  over  its  height  rests  on  the  occurrence  of  scattered  boulders 
of  Indus  gravel,  and  in  ignorance  of  any  reason  for  supposing  them  to  have  been 
transported  to  the  spot  in  question  by  human  agency. 

But  a  good  and  sufficient  reason  does  exist  for  this  latter  explanation.    It  is 


PART  4.]       Theobald:  Pleistocene  dqiosUs  of  tie  Northern  Punjab.  223 

ihe  habit  in  all  this  part  of  the  Indns  valley  to  collect  boulders  from  the  Tidnity 
of  the  river  and  convey  them  away  on  carts  or  camels  for  the  pnrpose  of 
strengthening  the  mud- wails  of  the  honses.  Near  the  river  the  walls  of  many 
hoases  are  mainly  bnilt  of  the  larger  boulders,  whilst  at  a  greater  distance,  the 
builders  use  these  stones  more  sparingly,  building  i^em  into  the  comers  of  the 
house  only,  where  they  protect  the  mud-walls  from  injury  from  passing  cattle,  &c. 
In  many  villages,  too,  a  very  old  trait  of  patriarchal  times  may  still  be  seen. 
Any  very  large  smooth  boulders  or  stones  from  Buddhist  or  other  ruins,  are 
brought  up  into  the  village,  and  either  ranged  under  a  tree  or  placed  in  some 
convenient  spot  for  the  use  and  delectation  of  the  village  headman,  and  '  grey 
beards,'  precisely  as  we  read  in  Homer,  was  the  case  in  Pyle  in  the  days  of 
Neleus,  three  generations  of  articulate-speaking  men  before  the  fall  of  Troy. 
(Hom.  Od.,  Book  III,  L  4.04) 

Q>pwT  ap*  If  euv^^i  Fsp^vioj  Imrora  'Sicroog 

Oi  01  l<ray  irpoiripotie  tvpawv  v^Xmhtv 

AeuKolf   iwoo'TiKfiovres  ciKel^aros  olg  tiri  fiiv  vplv 

NijXffu;  7^s<rxfy  $io^t¥  /JL^rrvf  araXavrog* 

AxV  6  jbtfiy  r^  xvip)  ^a/tsU  AiSoo-^f  fiB^Kti, 

NfOTfiT^  a3  TOT  i^tl^B    Tepyivios  ipi>$  'A^atrnv, 

Sx^TT^ov  ?;p^tyy  irtpl  8*  vle^  aoAAss;  ijyepiiorro*^ 

An  even  more  probable  explanation  for  the  occurrence  of  Indus  gravel  at 
different  spots  on  the  Chitapahar  range  is  the  popular  fashion  of  ornamenting 
graves  in  this  part  of  the  Punjab  with  smooth  round  stones,  those  of  white  quartz 
and  variegated  gneiss  or  schistose  rock,  being  selected  more  commonly  for  thi^ 
purpose.  This  practice  may  be  noticed  many  miles  from  the  river  InduS;  and 
proves  that  natural  piety  is  as  effective  a  stimulus  for  an  unproductive  ex- 
penditure of  labour,  as  the  harsh  necessity  of  **  shot  drill ;"  and  to  this  latter 
cause  I  attribute  the  presence  of  the  Indus  pebbles  occasionally  met  with  at 
considerable  height  on  the  ChitapaMr  hill.  In  many  spots  villages  formerly 
existed,  which  are  now  abandoned  in  favour  of  the  plains,  owing  to  the  security 
for  life  and  property  which  the  people  now  enjoy. 

*  'Soon  as  Anront,  daughter  of  the  Dawn, 
With  rosy  fingen,  had  unveiled  the  mom; 
From  off  his  conch,  Gerenian  Nettor  roae. 
And  issuing  forth,  refreshed  by  night's  repose. 
On  polished  stones^  before  his  palace  gate 
As  Nelens  used  of  yore,  the  monarch  sate. 
White,  smooth,  and  glittering  in  the  sun  they  shone 
Unhewn,  each  block  displayed  a  rustic  throne  ; 
But  Kelens  passing  to  th'  Elysian  shade 
Wise  Nestor  reigned  and  Pyle's  sceptre  swayed. 
Whilst  nnmerons  sons  around,  obeisance  made.' 
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I  have  myself  Grossed  the  Chitopaliir  range  twice,  and  have  both  tunaa  care- 
follj  sought  for  evidence  of  the  Indus  having  formerly  flowed  over  it^bat  without 
success,  and  I  believe  that  river  has  never  deviated  from  the  deep  gorge  whereby 
it  now  crosses  this  barrier.  The  highest  allavial  deposit  which  can  be  referred 
to  the  river  Indus  in  this  qtLarter,  is  a  homogeneous  day,  which  is  seen  in  places 
on  the  flanks  of  the  range  south  of  Choi,'  rising  to  a  height  (roughly  guessed) 
of  between  300  to  400  feet  above  the  present  bed  of  the  river. 

This  clay  may  possibly  be  of  lacustrine  origin  if  the  Chuoh  Hastob  plain 
and  neighbourhood  were  ever  occupied  by  a  lake  prior  to  the  lowering  of  the 
Indus  bed  to  its  present  depth.  Anyhow  I  should  say  400  feet  was  the  highest 
level  on  the  Ghitapah^r  range  above  the  present  Indus  bed,  at  which  any  dis- 
tinot  Indus  alluvium  can  be  made  out     So  much  for  positive  indications. 

But  there  is  one  very  powerful  negative  argument  against  the  idea  of  the  Indus 
ever  having  hereabouts  flowed  at  the  height  indicated  by  Mr.  Wynne. 

Above  the  limits  at  which  the  day  in  question  occurs,  the  hiBs  are  formed  of 
vertical  beds  of  limestone,  cut  up  or  furrowed  by  deep,  almost  cavernous,  fissures, 
forming  a  deeply  serrated  surface,  which  would  have  acted  as  the  most  effident 
pebble  trap  that  coxdd  be  imagined,  and  into  which  any  pebbles  must  have  been 
washed,  without  the  possibility  of  their  being  subsequently  cleared  out  again.  Yet 
not  a  single  pebble  or  boxdder  of  any  sort  can  be  seen  in  any  of  these  rifts,  the 
conclusion  being  therefore  irresistibla  that  no  wash  of  gravel  has  ever  taken  place 
over  them. 

The  next  papers  to  notice  are  two  by  myself  in  Records,  VoL  X,  pages  140 
and  223.  In  the  former  I  describe  an  alluvial  deposit  in  the  Potwar  with 
numerous  spedes  of  living  shells,  and  a  peouhar  dlt  near  Jand,  possibly  in- 
dicative of  glacial  conditions  at  the  time  it  was  being  deposited.  Perhaps  the 
most  important  fact,  however,  was  the  occurrence  of  a  large  '  erratic '  "  over 
20  feet  in  girth,  reding  an  alluvium  ai  a  high  level,  eight  and  a  half  miles  from 
Pindigheb  and  eleven  miles  from  Taman"  (1.  c,  p.  142).  This  is  a  valuable  in- 
dication of  the  relative  age  of  the  gladal  oonditions  presumed  to  have  obtained 
in  the  district,  and  the  older  alluvium  ;  the  instance  hero  quoted  not  admitting 
of  any  doubt  as  to  the  &ct  of  the  '  erratic  '  reposing  on  a  thick  bed  of  alluvium. 
My  other  paper  refers  to  certain  distinctionB  that  should  be  drawn  between 
'  erratics '  of  the  pleistocene  period  and  the  '  erratics,'  which  in  the  Salt-range 
are  embedded  in  strata  of  mesozoic  and  paUdosoic  age,  and  .which  are  as  distinct 
in  their  lithological  aspect^  as  they  are  from  the  Indus  erratics  by  their  geological 
age.  In  his  Memoir  on  the  Salt-range  (Vol.  XIV)  in  a  note  to  page  117, 
Mr.  Wynne  thus  correctly,  as  I  believe,  aUudes  to  the  '  erratics '  of  the  Indus 
valley :-— "  In  other  parts  of  the  country,  too,  along  the  left  bank  of  the  Indus 
south  of  Attock,  the  foreign  erratio  blocks  are  too  numerous  and  too  large  to  be 
accounted  for  satisfactorily  in  any  other  way  that  I  know  of."  That  is,  than  by 
ice  agency.    Two  of  these  are  described  in  Beoords  Z,  p.  124,  as  having  a  girth 

>  Choi  is  not  on  the  Atlas  map.  It  U,  howerer,  a  little  under  8  miles  from  the  month 
of  the  Haro  on  the  sonth  bank  of  tb«t  river,  and  is  a  halting  stage  (with  a '  aaxsi  *)  on  the  road 
from  Attock  to  Khnshflgarh. 


I 
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of  50  feet  by  6  to  8  feet  high,  and  48  feet  6  inches  by  12  feet  6  inches  high;  the 
foTmer  a  granitoid  rook,  the  last  of  basalt. 

I  now  pass  to  the  consideration  of  a  dearly- written  and  yalnable  paper  by 
Mr.  Lydekker  in  Beoords  XII,  p.  15,  in  which  the  glacial  question  is  treated  at 
some  length.  Among  general  conclnsions  my  colleagae  aflirms  that  in  TrnjaliTnii* 
6,500  feet  is  about  the  lowest  level  at  which  *' undoubted  evidence  of  former 
glacier  action  "  exists.  This,  I  think,  may  be  true,  as  I  have  myself  been  struck 
with  the  remarkable  absence  of  such  evidence  in  the  valley,  though  I  never 
questioned  the  existence  of  such  evidence  at  much  lower  levels  in  the  outer  hills. 
The  cause  of  this,  should  the  statement  not  require  modification,  is  I  regard 
an  interesting  object  for  future  investigation.  Mr.  Lydekker  differs  also  from 
Pro£  Leith  Adams  in  his  &dling  to  recognise  any  proofs  of  a  glacial  origin 
for  the  Btounula  gravels,  and  in  this  I  agree  with  my  colleague.  At  page  30 
(Z.  e.)  Mr.  Lydekker  records  his  dissent  from  Colonel  Gbdwin-Ansten's  opinion 
that  certain  granitoid  blocks  in  the  Jhelum  valley  below  Btoutnula  have  been 
brought  to  their  present  position  by  ice  action.  Here  I  dissent  from  my 
coUeaguCi  and  consider  that  Oolonel  Godwin-Austen  has  rightly  estimated  the 
mode  of  transport  of  these  blocks  in  question.  In  support  of  his  view  my 
coUeagne  goes  at  some  length  into  a  description  of  the  Jhelum  valley,  which, 
being  dear  in  language^  and  conveying  completely  my  own  views,  I  shall  here 
quote  in  exknso.  That  my  colleague  has  arrived  at  a  different  conclusion  to 
myself,  I  attribute  solely  to  the  accident  that  he  has  not  seen  such  a  '  key 
section,'  as  I  may  term  it,  as  I  was  fortunate  enough  to  discover  during  last 
season's  work  in  the  valley  of  the  Nainsukh,  above  Gxurhi  Habibula : — 

**  At  Bdmpur  the  alluvial  formation  contains  gneissic  blocks,  some  of  which 
Are  as  much  as  15  feet  in  diaTnet<ftr ;  the  whole  formation  is  at  least  one  hundred 
feet  in  thickness  on  the  left  bank  of  the  river.  The  induded  blocks  are  all  more 
or  less  rounded  and  water-worn,  while  the  matrix  in  which  they  are  embedded 
is  here  but  littie  stratified.  As  we  descend  the  river,  the  blocks  of  gneiss  cour- 
tinue  to  decrease  in  size  till  we  come  upon  the  sharp  bend  in  the  river  below 
Bampur ;  here  a  fresh  stream  of  gneiss  blocks  has  come  down  a  tributary  stream 
from  the  second  gneiss  mass  in  the  EI&j-N^  range :  some  of  these  blocks  have  a 
long  diameter  of  20  feet. 

''  Still  continuing  our  survey  down  the  river,  we  find  the  gneiss  blocks  again 
.becoming  smaller  and  smaller,  and  half  way  to  TJri  the  alluvial  deposit  is  seen 
to  be  most  distinctly  stratified.  All  the  gneiss  boxdders  have  their  long  axes 
inclined  up  the  stream  and  towards  the  river  bed  at  an  angle  of  about  30^ ;  so 
that  one  of  the  flat  sides  is  opposed  to  the  flow  of  the  stream,  as  we  find  to  be 
the  case  in  any  deposit  of  modem  river  pebbles.  The  summit  of  the  alluvial 
formation  is  level,  forming  high-level  plateaux  on  either  side  of  the  river.  At 
Uri  we  find  a  similar  plateau,  some  200  feet  in  thickness,  formed  of  the  red 
Sirmur  rocks  of  the  neighbouring  hills.  The  pebbles  in  this  deposit  ara  rounded 
and  have  the  same  relative  position  in  regard  to  the  stroam  as  the  gneiss  blocks 
higher  up.    A  few  small  gneiss  blocks  are  found  in  the  Uri  deposit." 

Now  all  this  I  fully  accept  as  a  correct  description  of  the  Jhelum  terrace 
gravels  and  boulder  depositSi  for  I  regard  it  would  be  as  one-sided  in  me  to 
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either  fail  or  refuse  to  reoognise .  the  agency  of  water  in  their  arrangement  as 
I  hold  it  to  be  in  any  opponents  who  fail  to  recognise  the  proofs  of  glacial 
agency  concurrently  present  in  the  same  area. 

I  do  not  point  to  well-rounded  boxdders  embedded  in  a  stratified  deposit^ 
with  their  long  axes  arranged  with  reference  to  the  direction  of  the  river,  as 
proof  of  glacial  agency;  but  I  do  point  to  streams  of  blocks  not  so  rounded, 
l>ut  sub-angular  and  piled  on  one  another,  with  little  or  no  intervening  matter, 
in  a  fashion  suggestive  of  moraine  rather  than  river  transport.  It  is  true  the 
Tock  of  which  ^e  largest  blocks  consist  rounds  off  by  surface  exfoliation  under 
atmospheno  action ;  but  the  streams  of  sub-angular  blocks,  to  which  I  allude, 
have  no  nearer  resemblance  to  the  water-worn  boulders  described  by  my  colleague 
than  accrues  from  their  consisting  of  the  same  identical  rock.  As  an 
instance  in  mint  I  may  mention,  on  the  right  bank  of  the  Jhelum  the  stream  o€ 
blocks  which  is  seen  to  descend  the  Kathai  stream  just  below  the  Fort  of 
Kathai,  and  is  buried  in  the  surface  of  the  high  level  plateau  before  reaching 
the  Jhelum.  These  blocks  are  scattered  about,  BOfndimei  isolated  on  ihe  swrfaee 
of  the  alluvial  plateau  whereon  they  rest,  in  other  places  rcunged  in  dusters  or  piled 
against  each  other  with  little  or  no  intervening  matter ;  and  they  are  all  more  or  less 
sub-anguUr,  and  have  none  of  the  appearance  of  hamng  been  washed  down  Me  vaUey 
or  ly  the  stream.  Granting,  for  argument's  sake,  that  a  great  debede  might  have 
washed  them  down,  it  would  not  have  arranged  them  in  a  long  thin  line,  heading 
up  the  valley ;  in  a  word,  their  arrangement  is  decidedly  suggestive  of  moraine 
action  as  distinguished  from  fluviatile. 

Mr.  Lydekker  adds  (Lc,  p.  31)  : — "  It  will  be  gathered  from  the  above  obeerv- 
ations,  that  the  whole  of  the  gneiss  blocks  in  the  Jhelum  valley  have  followed 
the  course  of  tributary  mountain  streams,  have  not  been  carried  across  intex^ 
vening  ridges,  and  are  embedded  in  an  aqueous  formation."  To  this  passage  I 
can  give  my  cordial  assent,  if  I  may  interpolate  after  the  word  *  in',  the  words 
*  and  on  '  which  in  my  opinion  furnish  tiie  clue  to  the  discrepancy  of  opinion 
between  my  colleague  and  myself.  The  rounded  blocks  to  which  my  ooUeague 
points  as  conclusive  of  fluviatile  agency  may  be,  and  no  doubt  are,  embedded  m 
river  deposits;  the  sub-angular  ones  on  which  I  no  less  confidentiy  rely  as  proving 
moraine  agency  are,  I  believe,  always  found  resting,  not  in,  but  on,  the  above 

river  deposits. 

There  is  one  paragraph  with  which  I  cannot  agree : — "  It  will  be  gathered 
from  the  above  observations  that  the  Jhelum  is  now  a  denuding,  and  not  a 
depositing,  river,  as  it  was  when  these  alluvial  formations  were  laid  down ;  from 
which  we  may  probably  infer  that  great  changes  of  level  have  taken  place 
since  the  period  of  these  deposits,  which  may  have  afforded  greater  facaiiies  at 
certain  times  'for  the  movements  of  the  blocks:'  This  is  far  from  dear.  The 
'  change  in  level, '  which  converted  the  Jhelum  from  an  excavating  stream 
employed  in  deepening  its  bed  into  a  depositing  one,  which  it  must  have  been 
when  it  refiUed  its  valley  with  alluvial  deposits  200  or  300  feet  thick,  was  one  of 
subsidence,  whereby  the  gradient  of  the  Jhelum  valley,  both  the  main  channel 
and  all  its  tributaries,  was  lowered,— the  proximate  cause,  of  course,  of  the 
deposition  of  the  above  beds:  cceteris  paribus,  therefore,  this  change  could  neither 
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physicaU J  nor  oUmatally  have  afforded  greater  f aoilities  for  the  transport  of  large 
blocks  than  pieYionslj  existed ;  rather  the  contraiy. 

In  his  '*  further  notes,  &c."  (Record  XII.,  p.  114),  Mr*  Wynne  divides  the 
pleistocene  deposits  of  the  Northern  Punjab  into  an  upper,  middle,  and  lo^eJ" 
sub-division,  characterising  thein  respectively  asf  ''  Northern  detrital  drift," 
**  Alluvium  and  river  drift,"  "  Post  tertiary  valley  or  lake  deposits." 

It  may  be  questiolied  how  far  the  middle  and  lower  of  these  sub-divisions 
are  separable  or  dissimilar;  but  the  great  merit  of  this  division  is  that  it 
distinctly  recognises  the  relative  position  of  the  '  glacial  deposits'  and  the  older" 
alluvium,  and  shows  how  nearly  on  the  verge  of  discovering  the  true  significance 
of  this  &et  Mr.  Wynne  was. 

Mr^  Wynne  is,  however,  careful  to  let  it  be  known  that  lie  disclaims  glacial 
agency  in  the  distribution  of  his  '  Northern  detrital  drift ',  not  only  by  intro- 
ducing the  somewhat  superfluous  adjective  '  detrital ',  but  by  the  definition  he 
gives  at  pflgd  132  (Z.  t>)  : — "  Northern  drifts  1  use  this  t^rm  instead  of  the  more 
simpld  one  "  erratic  drifts"  which  woxdd  appeaih  to  convey  to  some  Indian  geologists 
a  closer  connexion  with  c^lacial  geology  than  is  necessary  to  the  purpose."  Thia 
disclaimer  suffices  to  show  how  nearly  Mr.  Wynne  missed  recognising  the 
essential  merit  of  his  own  classification^  Especially  when  read  in  connexioB 
with  what  follows  :-^'' By  Northern  drift,  then,  is  here  A!<Mmt  that  influx  of 
travelled  masses  which  has  followed  the  course  of  the  Indus  from  the  nortfa 
and  been  distributed  over  large  spaces  of  the  Biwalpindi  plateau,  to  a  distance 
(I  am  informed  by  Mr.  Theobald)  of  25  miles  from  the  river.  These  bk)ck8 
are  easily  recognisable,  all  along  the  upper  Indus  as  far  as  I  went,  to  be  the  same 
aa  those  further  down  its  course.  They  often  rest  on  the  terraces,  cmd  some  of 
them  are  of  very  large  sise"  Mark  how  very  nearly  discovering  the  truth 
Mr.  Wynne  must  here  have  been  (how  he  '  burned,'  as  children  say  at  *  blind 
man's  buff '),  could  he  only  have  recognised  the  significance  of  their  not  occurring 
m  the  terraced  gravels  though  scattered  about  on  them  I  Considering,  too,  that 
Mr.  Wynne  gives  the  girth  of  one  of  these  blocks  near  Torbela  as  109  feet^  hia 
disclaimer  of  glacial  agency  on  its  transport  seems  to  me  to  savour  of  cauti(»i 
ovennuch !  It  woxdd,  indeed,  seem  to  be  an  afterthought^  as  in  his  Geology  of 
the  Salt  Bange,  at  page  117,  Mr.  Wyxme  thus  expresses  himself  of  these  very 
blocks  : — "  In  other  parts  of  the  country,  too^  along  the  left  hank  of  the  Indus 
south  of  Attock,  the  foreign  erratic  blocks  are  too  numerous  and  too  large  to  be 
accounted  for  satisfactorily  in  any  other  way  that  I  know  of  "— ^that  is,  than  by 
ice ;  and  it  is,  I  think,  to  be  regretted  that  Mr.  Wynne  should  have  been  led  to 
abandon  this  sound  view^  and  substitute  for  it  the  disclaimer  of  glacial  agency 
in  his  later  paper,  quoted  above* 

At  the  end  of  the  paper  in  the  Records  (XII,  p.  132),  Mr.  Wynne  notices 
a  detached  mass  of  limestone  127  paces  in  girth,  which  may  possibly  be  an 
'  erratic '  slipped  down  from  Sirban  mountain,  aided  possibly  by  ice  before  the 
intervening  ravine  was  cut,  or,  as  I  would  suggest,  when  it  might  have  been 
sheeted  over  by  ice }  and  Mr.  Wynne  records  the  discovery  by  myself  of  glacial 
strifls  on  a  block  of  quartzite  below  Torbela.  I  mention  this  to  express  my  belief 
that  the  striae  in  question  are  not  glacial,  as  I  once  supposed  they  might  be ;  but 
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what  could  have  produced  atraight,  but  not  parallel,  acratches  on  a  hard  oome' 
ous  quartzitO)  I  cannot  say.  Thej  may  be  glacial,  but  their  valying  direction 
makes  this  very  doubthiL 

To  revert  now  to  my  own  observations  during  the  past  season.  I  may  oommence 
by  saying  that  a  re^ezamination  of  the  ground  near  Jand  failed  to  v^ify  the 
occurrence  of  '  erratic '  blocks  in  the  peculiar  silt  of  that  neighbourhood.  The 
occurrence  of  *  erratic '  blocks  in  this  silt  rests  on  two  presumed  instances  recorded 
in  my  paper  (Records  X,  p.  142)  of  such  blocks  being  seen  reposing  m  nh» 
and  partly  embedded  in  the  silt;  but  from  the  conditions  of  the  case,  such 
an  observation  requires  corroboration,  and  hitherto  my  search  for  a  section  dis- 
playing such  blocks  embedded  in  the  silt  has  not  been  rewarded  with  success ;  and 
the  glacial  character  of  the  deposit  may  therefore  be  stiU  considered  as  unsettied. 
That  this  silt  is  a  lacustrine  deposit,  is,  I  think,  more  than  probable,  and  that  it  is 
really  the  homologue  of  the  coarse  allnvial  accumulations  near  Rawalpindi,  when 
the  lower  part  of  the  Sohin  valley  and  the  adjoining  region  along  the  InduSy 
with  the  Chuch  Haz&ra  plain,  constituted  a  Iflbke  through  which  the  Indus  flowed, 
and  which  owed  its  origin  in  part  perhaps  to  that  subsidence  of  the  whole  area  to 
which  the  thick  alluvial  deposits  in  the  Indus  valley  and  its  tribntsries  bear  tea* 
timony.  If  my  suggestion  is  correct,  that  this  silt  is  the  exact  homologae  of  die 
days  and  gravels  to  the  east  and  north,  it  at  once  explains  why  no  erraticB  are 
found  embedded  in  it,  though  more  or  less  widely  dispersed  over  the  area  covered 
by  it,  since  I  shall  presentiiy  show  that  the  glacial  conditions  whereby  the  ertatieB 
in  question  became  distributed,  tupervened  on  (that  is,  after)  the  ^bpositiom  of 
the  gravels  in  question.  At  page  516  of  the  Manuskl,  Mr.  Blanford  suggests  the 
idea  of  lacustrine  conditions  as  contributing  to  the  dispersal  of  these  Uocks,  with 
the  alternative  suggestion  of  a  "  variattan  in  the  course  of  the  Indm»^  and  to  Qiere^ 
versed  flow  of  its  tribiUcmes  in  greed  floods.**  1  shall  endeavour  to  show  thai  eaeh 
of  these  suggestions  has  its  share  in  producing  the  phenomena  under  reviewt 
The  lineal  arrangement  of  these  'erratics'  in  the  Potwir,-M>ne  line  following 
the  general  direction  of  the  Sohin  valley,  whilst  a  parallel  train  of  erratiGS  passed 
near  Jand  (Rec.  X.,  page  142),  could  only  have  originated  in  two  ways,— either 
through  '  moraines '  descending  to  the  Indus  trough,  or  through  floating  masses  of 
ice  sweeping  up  the  tributary  valleys  during  a  reversed  flow  of  the  streams  pro- 
duced by  floods.  And  the  result  would  not  be  interfered  with,  suppooii^  the  area 
adjoining  the  river  to  have  been  temporarily  covered  by  a  lake,  as  the  reversed 
flow  of  the  streams  falling  into  the  lake,  during  the  rise  in  its  waters  resulting  ^om 
Indus  floods,  would  suffice  to  establish  a  direct  current,  mainly  coinciding  with 
the  old  river  channels,  through  the  body  of  still  water  of  the  lake  ai  laige  and 
constituting  water  lanes,  along  which  the  erratic  blocks  and  floating  ice  could 
be  carried,  and  to  which  the  linear  arrangement  .of  the  bloeka  now  seen  would 
be  due.  If,  however,  there  was  no  lake,  the  '  reversed  *  flow  of  flood  would  pro- 
duce  this  lineal  arrangement  of  erratics,  as  a  matter  of  course ;  but  the  presence 
of  a  lake  would,  I  think,  no  less  permit  of  a  similar  distribuUon  of  the  blooks,  and 
would  fully  account  for  their  presence  in  the  situations  they  are  found  to  occupy, 
that  is,  on  the  top  of  the  alluvium,  as  near  Pindigheb,  for  example,  and  Taman. 
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Leaving  tlie  yicinity  of  Jand,  whioh  mftj  be  regarded  as  somewhere  near  the 
centre  of  the  supposed  lake,  and  proceeding  north,  we  find  an  instmctiye  section 
of  these  vallej  deposits  near  Pari,  on  the  Nara  river  (3  miles  east-south-east  from 
Shidipur,  on  the  right  bank  of  the  Indu^  and  about  15  miles  from  Jand.     Ap- 
proaching the  Indus  from  the  south-east>  along  the  road  leading  to  Pari  and 
ShiLdipur,  we  see  in  front  of  us  a  long  stretch  of  rising  ground,  more  or  less 
parallel  with  the  river  and  decreasing  in  height  away  from  the  banks.     The  edge 
of  this  line  of  rising  gpround  is  very  rugged  and  broken  up  by  denudation,  and  the 
Ndra  river  below  Pari  gives  a  clear  section  of  the  beds,  showing  that  the  rising 
ground  in  question  is  simply  a  belt  of  coarse  beds,  whose  maximum  thickness  is 
attained  in  the  immediate  vicinity  of  the  river,  and  which  thins  out  away  from 
its  channel,  owing  to  the  coarser  material  being  at  once  deposited,  whilst  the 
finer  sediment  only  is  conveyed  to  more  distant  parts  of  the  valley.     The  bed  of 
the  Indus  is  here  cut  deeply  in  Siwalik  sandstones,  dipping  mostly  at  high 
angles.     On  the  edge  of  these  beds  rests  a  thick  alluvial  deposit,  divisible  into 
a  lower  or  conglomeratic  portion,  and  an  upper  division  of  clays  in  which  the 
conglomeratic  element  is  wholly  subordinate— the  united  thickness  of  both  divi- 
sions along  the  river  not  falling  short  of  80  or  100  feet,  though  how  much 
has  been  removed  by  surface  denudation,  it  is  impossible  to  say.     The  lower 
conglomerate  is  very  coarse  and  heterogeneously  composed,  the  largest  boulders 
in  it  being  of  nummulitic  limestone,  commonly  3  or  4  feet  in  girth ;  and  often 
sub-angular,  the  ingredients  being    evidently    derived    from    the   Chitapahir 
range  only  a  few  miles  distant  to  the  north.     This  deposit  is  clearly  a  tsoarse  river 
gravel,  but  although  very  large  blocks  ^ccur  in  it,  I  did  not  notice  decisive 
proofs  of  glacial  conditions — ^that  is,  any  monster  blocks  of  the  Haz^ra  gneiss 
actually  in  it.     In  the  valley  of  the  N^ra  river,  however,  one  mile  east  of 
Sh^pur,  I  noticed  two  huge  'erratics'   not  far  apart,  one  of  Hazara  gneiss 
50  feet  in  girth,   and    one  of  nummulitic  limestone   60    feet  in   girth;   but 
although    these   might  have  been  derived  (from  the  position  they  were  in) 
from  the  coarse  bottom  bed  above  described,  they  might  equally  have  been  let 
down  into  the  stream  bed  from  a  higher  position  by  mere  denudation,  and  this 
view  is  supported  by  other  considerations  I  shaU  soon  adduce.     All  about  Pari, 
too,  large  craggy  masses  of  limestone  are  scattered,  which  may  be  doubtfully 
referred  either  to  this  coarse  bed  or  to  ice  flotation  at  a  later  period  ;  and  their 
distance  from  the  river,  and  their  being  out  of  the  direct  line  of  its  floods 
properly  so  viewed,  render  the  latter  supposition,  I  think,   the  preferable  one. 
Above  this  coarse  bottom  bed  occurs  a  group    of   clays  of  equal  thickness,  or 
greater  perhaps,  away  from  the  immediate  vicinity  of  the  river.     This  clay  in 
places  contains  a  little  kankar,  and  forms  the  general  surface  of  the  country  here- 
abouts ;  and  on  its  surface  genuine  erratics  are  here  and  there  seen  of  the  Haz^ira 
gneiss,  which,  as  I  believe,  can  have  been  only  so  brought  by  ice  flotation ;  and 
if  we  regard  the  basal  conglomerates  as  local  deposits,  resulting  from  the   proxi- 
mity of  the  Indus  gorge  (below  Nilab  Qash)  and  the  Chitapahdr  range,  the 
homology  between  the  Jand  silt  and  the  ordinary  valley  alluvium  is  clearly  seen, 
both  resting  on  the  denuded  sandstones,  wherein  the  river  has  now  deeply  sunk, 
and  both  supporting'genuine  *  erratic  *  blocks  of  a  later  period. 
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Leaving  now  tbe  Potw&r,  and  crossing  the  CbitapaMr  range,  we  descend 
into  the  valley  of  the  Hnrroh  (which  joins  the  Indus  at  the  rectangular  bend 
that  river  makes  to  the  west),  at  Nilat,  where  the  old  royal  road  from  Peshawar 
to  Hiodnstan  used  to  cross,  and  both  the  Haripnr  and  Chnch  plains  offer  some 
points  of  great  interest  in  connection  with  their  recent  deposits  and  the  phjrsical 
changes  of  surface  they  reveal. 

The  Haripnr  plain    is  bounded  on  all  sides  except  to  the  south-west  by 
hills,  and  is  composed  of  a  deep  alluvial  deposit,  the  older  rocks  not  usnally 
appearing,  away  from  the  hills  which  bound  the  valley.     South  of  the  old  can- 
tonments of  Haripur,  the  whole  of  the  drainage  of  the  valley  is  conveyed  into 
the  Hnrroh  river ;  whilst  that  to  the  north  finds  its  way  into  the  Dorh,  which, 
after  being  joined  by  the  Siran,  flows  into  the  Indus  above  Toibela,  past  the 
northern  extremity  of  Gandgarh  mountain,  which  is  interposed  between  that 
'  river  and  the  Haripur  plain.     No  erratics  occur  in  any  part  of  the  Haripur 
plain,  and  the  valley  of  the  Hnrroh  is  wholly  free  from  them  till  within  a  mile 
otr  less  of  the  spot  where  the  Pesh&war  trunk  road  crosses  the  stream.     Down  to 
this  point  the  valley  may  be  said  to  be  sheltered  by  the  mass  of  Ghmdgarh ;  but 
directly  the  lower  ridges  south  of  Gandgarh  are  passed  (going  west),  *  erratics ' 
of  Haz&ra  gneiss,  or  the  Indus  '  erratics, '  as  they  may  be  called,  appear  in  some 
f oroe,  and  from  the  spot  whero  the  road  crosses  continne  d(yum  the  vcdley  cf  Hurrok 
asfarasUsjimcttonmth  the  Indtu  <xt  Ba/rotha.     These  'erratics,'  as  I  have  stated, 
have  not  descended  the  Hurroh  valley,  but  have  cut  abraptly  into  it  from  the 
Indus,  below  the  sheltering  barrier  of  Qandgarh,  or,  in  other  words,*  the  former 
course  of  the  Indus  coincided  with  tBe  present  course  of  the  Hnrroh,  west  and 
south  of  that  mountain.     This  will  be  rendered  clear  by  a  glance  at  the  accom- 
panying sketch  map,  wheroon  is  marked  the  course  of  these  Indus  '  erratics '  and 
their  distribution  in  this  neighbourhood  ;  and  it  will  be  at  Once  apparont  that  at 
no  remote  period  the  Kabul  river  joined  the  Indus — ^not,  as  now,  at  Attock,  but 
close  to  Barotha,  some  9  miles  to  the  south.     The  whole  of  the  country  between 
the  trunk  road  on  the  north  and  the  Hnrroh  on  the  south,  consists  of  rolling 
'  downs '  of  river  alluvium,  mostly  sandy,  with  hero  and  thero  a  sprinkling  of  Indus 
gravel  and  boulders,  and  scattered  '  erratics ' — ^these  last  being  specially  numerous 
along  the  course  of  the  Hurroh,  as  the  annexed  map  will  show.'     Many  of  these 
erratics  aro  of  large  size,  50  feet  in  girth  or  moro,  though  of  course  the  majority 
aro  smaller.     They  consist  of  Hazdra  gneiss  or  of  limestone,  which  last  rock  has 
not  travelled  so  far  as  the  other.     The  sketches  here  given  (see  Plate)  of  one 
near  Dakner  and  of  another  near  Jand,  by  Mr.  Wynne,  will  give  a  good  idea  of 
the  general  appearance  of  these  blocks — those  of  limestone  or  of  any  crystalline 
schist  being,  from  the  nature  of  the  rock,  usually  more  jagged  and  angular  than 
those  of  gneiss,  which  is  so  wont  to  '  flake  off '  at  the  surface. 

No  one,  I  think,  who  considers  that  the  above  '  erratics '  (granite)  have 
travelled  from  the  most  distant  parts  of  Hazara,  and  are  now  seen  reposing  on  a 
sandy  plain,  will  entertain  serious  doubts  as  to  their  truly  '  erratic '  character,  or 
that  they  have  been  conveyed  by  ice  flotation  to  the  positions  they  now  occupy. 

'  See  iiIbo  Wynne's  map,  Recordu  X,  Pfcrt  8. 


GAl      SURVEY      OT      INDIA 


i    S.S  E.   of    AObcV 


^Lelaw  jQui  and  K}iua1).il^ar>i 


PART  4.]        TAeoba^d:  Pleistocene  deposits  of  the  Northern  Punjab,  2»U 

Mr.  Wynne  also  writes  as  follows  (Records  X,  p.  124)  :— "  On  one  of  the  river 
terraces  of  the  Indus  gorge,  between  Pari  and  6&htar,  I  measured  an  '  erratic ' 
mass  of  unfossiliferous  limestone  9  feet  high  and  74  feet  in  girth,  which  may  have 
belonged  to  any  of  the  neighbouring  limestones,  from  the  lower  nummulitic  down- 
wards, and  seems  to  be  as  truly  an  erratic  block  as  any  of  the  others/'  No  doubt  this 
block  had  not  travelled  far,  but  it  is  interesting  to  find  such  a  mass  on  an  old  river 
terrace,  when  the  full  significance  is  realised  of  such  blocks  occurring  on  the  old 
gravels,  but  not  in  them,  as  would  seem  to  have  been  always  assumed  as  being  the 
case,  as  a  matter  of  course,  by  the  opponents  of  glacial  theories. 

No  less  interesting,  as  proving  the  altered  surface  conditions  now  prevailing, 
are  the  indications  afforded  by  the  lower  part  of  the  Dohr  valley,  where  it  is 
joined  by  the  Siran.  Leaving  Haripur  by  the  Torbela  road,  which  descends 
sensibly,  and  continues  nearly  parallel  to  the  course  of  the  Dohr,  we  come  in 
sight,  at  about  4  miles,  of  what  seems  a  low  ridge  stretching  right  across  the 
valley  and  connecting  the  hills  across  the  Dohr  with  the  Ghindgarh  range  of  hills. 
A  litUe  to  the  left  of  this  seeming  ridge,  and  perched  on  the  foot  of  the  Gand- 
garh  hills,  is  the  village  of  Dari ;  and  away  to  the  right  is  Barukot.  Approach- 
ing nearer,  we  find  that  the  seeming  ridge  is  breached  right  in  front  of  us  by  the 
Dorh,  after  being  joined  by  a  small  stream  from  the  south,  when  it  flows  on  and 
joins  the  Siran  close  to  the  village  of  Tapli.  The  road  along  the  bank  of  the 
Dohr  here  affords  an  excellent  section  of  the  coarse  boulder  deposits  which  seem 
to  constitute  the  ridge  in  question.  On  the  Ghindgarh  flanks,  round  which  the 
road  winds,  the  deposit  consists  of  coarse  gravel  and  boulder  conglomerates, 
with  a  good  many  Indus  erratics  strewed  about  the  hill  side  and  lying  in  the  bed 
of  the  stream.  One  of  these  near  Tapli  was  measured  by  Mr.  Wynne  (Records, 
XII,  p.  132)  and  found  to  be  109  feet  in  girth,  and  others  of  about  half  that  size 
are  pretty  frequent  lower  down.  None  of  these  have  descended  the  Dohr,  and  at  first 
sight  the  impression  was  a  very  strong  one  that  the  seeming  bank  on  which 
Barukot  stands,  littered  over  as  it  is  with  '  erratics, '  was  a  moraine  which  had 
descended  the  Siran  valley  and  been  breached  by  the  Dohr  prior  to  its  effecting  a 
junction  with  the  former  river.  An  examination  of  the  ground  about  Barukot, 
however,  totally  dispelled  this  view  and  revealed  a  very  curious  and  anomalous  con- 
dition of  things.  The  ridge  in  question  was  found  to  be  a  remnant  of  the  same  old 
alluvium  constituting  the  Haripur  plain,  and  cut  into  a  tongue  by  the  Siran  on  one 
side  of  it  and  the  Dohr  on  the  other.  This  spit,  or  tongue,  is  thickly  covered  with 
Indus  houlder  gravel  and  some  erratics  ;  but  not  a  single  erratic  or  boulder  en- 
croaches on  or  is  found  in  the  Haripur  plain,  which  is  here  below  it  in  level ;  and 
I  do  not  think  any  of  this  gravel  is  discernible  over  100  yards  beyond  its  sharply, 
defined  boundary  at  the  village  of  Dari,  or  south  of  the  Dohr,  which  ran  under 
the  Barukot  ridge. 

In  the  valley  of  the  Siran,  not  a  boulder  or  erratic  is  to  be  seen,  and  the  sur- 
prising inference  is  unavoidable  that  the  capping  of  boulder  gravels  and  erratics 
has  been  washed  over  the  Haripur  alluvium  from  the  Indus  itself.  At  first  sight 
it  would  seem  as  if  these  erratics  and  boulder  gravel  or  drift  must  have  ascended 
the  course  of  the  joint  Dohr  and  Siran  valley,  but  a  glance  at  the  map  and  the 
Bpace  covered  by  these  '  erratics '  will  show  that  supposition  is  not  necessary.    But 
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the  remarkable  thing  is,  that  if  the  Indus  current  bronght  this  gravel  over  the 
top  of  what  now  form  the  Bamkot  ridge,  it  did  not  pass  bodilj  ronnd  Gand- 
garh  hills  and  flow  through  the  plains  east  of  Gandgarh. 

The  accnmulation  of  '  erratios '  rafted  bj  ice,  up  a  backwater  of  a  tribntarj 
during  a  flood  in  the  main  river,  could  be  easily  understood;  but  not  so  a 
thick  deposit  of  boulder  gravel,  unless  on  the  supposition  that  the  well-rounded 
character  of  the  boulders  is  no  bar  to  their  being  a  veritable  glacial  deposit 
also.  And  this  conclusion  is,  I  think,  the  only  one  admissible.  A  strong  current 
alone  (if  we  dismiss  the  idea  of  ice  flotation)  could  have  accumu^ted  the 
coarse  cap  of  boulder  gravel  and  clajs  here  seen,  between  Dari  and  Barukot ; 
but  if  the  Indus  flowed  as  i»x  as  Dari  in  full  current,  it  must  have  flowed 
further  towards  Haripur ;  but  this  it  unquestionablj  never  did,  and  the  condu- 
sion  therefore  is  that  this  deposit  is  one  formed  by  floating  ice  charged  with 
clay  and  boulders,  which  accumxdated  in  the  '  cul  de  sac  '  of  the  Dohr  mouth  and 
deposited  its  burden  ou  melting  all  over  the  area  submerged  by  the  Indus  flood 
water.  The  reason  why  the  Indus  did  not  flow  further  into  the  Haripur  plain 
is  of  course  that  the  plain  was  then  higher  than  now,  and  barred  the  further 
advance  of  the  flood  waters  laden  with  '  erratics '  in  that  direction.  As  I  have 
remarked,  the  boundary  of  this  coarse  boulder  deposit  is  very  sharp  and  defined, 
and  this  belt  of  gravel  has  served  to  check  denudation  over  the  area  covered  by  it, 
while  the  undefended  alluvium  of  the  Haripur  plain  has  been  greatly  lowered 
by  the  scour  of  the  Dohr  and  its  feeders,  the  result  being  the  scarped  gravel-cap- 
ped ridge  on  which  Barukot  stands.  Parts  of  this  deposit  have  a  certain  resem- 
blance to  the  Talchir  boulder  hedy  in  consisting  of  a  compact  clay  in  which  boulders 
are  disseminated,  as  may  be  seen  in  the  cuttings  on  the  Torbela  road,  though  the 
bulk  of  the  deposit  is  a  coarse  stratified  boulder  gravel. 

The  following  localities  for  '  erratics '  may  be  specified.  From  Bamkot  to 
Torbela  along  the  course  of  the  Dohr,  and  on  the  left  bank  of  the  Indus  for 
some  miles  above  Torbela,  some  of  these  gneiss  erratics  are  over  100  f^t  in  girth. 
Near  Attock  small  erratics,  as  well  as  rounded  boulders,  are  freely  scattered  about 
to  a  level  of  from  300  (or  perhaps  400)  feet,  or  thereabouts,  above  the  present 
bed  of  the  river.  South  of  Haji  Shah  a  gneiss  *  erratic,'  some  20  feet  in  girth,  is 
lying  in  a  field,  and  some  smaller  ones  near  it.  One  mile  north-east  of  Camp- 
bellpur  is  a  gneiss  *  erratic '  30  feet  in  girth,  and  in  the  low  ground  near  CampbeU- 
pur,  an  enormous  number  of  '  erratics '  from  20  to  30  up  to  near  100  feet  in 
girth.  The  largest  of  these  are  limestone,  but  some  of  the  smaller  ones  are  of 
gneiss.  South-east  of  Campbellpur,  near  the  village  of  Boliwala,  a  little  outside, 
seemingly,  the  Hmits  of  the  Indus  bed,  or  Haro  (Hurroh)  channel  as  it  now  is, 
a  few  '  erratics '  are  seen  12  feet  or  more  in  girth ;  and  these  blocks  were  pro- 
bably stranded  there  during  floods.  At  1|  mile  east-south-east  from  Boliwila  is 
a  granite  '  erratic '  in  a  field  by  itself^  with  '  cup  marks '  on  the  top. 

The  whole  country  in  this  direction,  towards  Kala-ka-serai,  is  an  old  high 
level  alluvium,  co-extensive  with  the  Indus  alluvium  of  the  lower  Haro  (Hurroh) 
valley,  but  no  erratics  save  those  near  Boliwdla  on  its  edge  were  noticed  in  it. 
Some  3  miles  north-east  of  Choi|  on  the  road  from:  Campbellpur,  a  huge  and 
jagged  erratic  of  quartzose  gneiss  occurs.    It  has  spoQtaneously  broken  up  into 
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several  pieces,  but  mtist  when  whole  have  measured  some  60  feet  in  girth.  In  a 
word,  the  whole  country  is  dotted  with  these  erratics  from  the  point  where  the 
Peshawar  road  crosses  the  Haro,  to  the  mouth  of  that  river  at  Barotha,  and  thence 
to  Dakner  in  the  Attock  road. 

Across  the  Indus,  in  a  north-west  direction,  stretches  the  Yusufzai  plain,  the 
broad  open  valley  of  the  lower  portion  of  the  Kabul  river.  This  plain  consists 
of  a  thick  deposit  of  alluvium  laid  down  by  the  Kabul  river  and  its  tributaries, 
and  may  be  partly  at  least  of  lacustrine  origin.  I  made  one  traverse  across  it 
from  Nowshera  to  Hoti  Murdin.  Opposite  Nowshera  is  a  low  range,  over  which 
the  road  is  carried.  To  the  right  the  range  sinks  down  and  is  covered  over  by 
alluvium.  Besting  on  this  alluvium,  were  a  good  many  large  limestone  blocks, 
which  seemed  to  have  travelled  from  the  neighbouring  rangre,  rafted  as  I  imagine 
by  ice.  A  little  west  of  the  road,  on  the  slopes  of  the  range,  I  noticed  a  large 
block  of  limestone  *'  perched  "  on  three  smaller  blocks  on  the  alluvium.  These 
blocks  had  none  of  the  appearance  of  being  artificially  arrangred,  and  if  not, 
this  must  be  considered  a  truly  ^perched '  block.  None  of  these  blocks  exceed 
6  or  8  feet  in  diameter,  and  they  are  aU  derived  from  the  ridge  to  the  west  of 
the  road.  I  noticed  no  erratics  along  the  line  of  road  from  Attock  to  Peshawar, 
and  it  is  pretiy  certain  the  Indus  '  erratics '  never  invaded  the  Yusufzai  plain. 
This  I  at  first  thought  strange,  till  I  discovered  that  at  the  period  of  their 
transport,  the  Indus  ran  (as  explained)  far  south  of  its  present  course  and 
east  of  Attock  to  Barotha,  which  may  help  to  account  for  no  erratics  being 
seen  north  of  Attock,  though  no  doubt  the  valley  of  the  Kabul  river  will  be 
found  to  have  its  own  proper  'erratics'  of  the  period  when  search  is  made 
for  them. 

The  Pakli  plain,  or  valley  north  of  M^nsahra,  and  the  TJghi  plain  to  the  north, 
westy  both  present  the  same  general  feature ;  they  are  both  surrounded  by  hills, 
the  former  being  traversed  by  the  Siran  river,  the  latter  by  the  tJghi  river,  falling 
into  the  Indus  near  Derband.  In  the  Pakli  valley  the  alluvium  of  the  Siran  river 
is  some  300  feet  thick  or  thereabouts,  of  which  an  excellent  section  is  seen  on 
the  road  from  M^nsahra  to  either  Ughi  or  Shinki^ri.  No  '  erratics '  are  seen  in 
the  valley  gravels,  which  are  simply  ordinary  river  gravels  and  clays  interstra- 
tified;  but  large  boulders,  which  I  regard  as  erratics,  are  occasionally  seen, 
strewed  over  the  surface.  In  the  open  part  of  the  valley  these  blocks  are 
exceptional ;  but  a  few  miles  from  Shinkiiiri,  where  the  Siran  debouches  from 
the  hills,  and  all  up  the  Siran  valley,  below  and  above  Shinki&ri,  erratic  blocks 
are  very  numerous  at  all  levels  resting  on  the  surface  of  the  ground. 

I  have  not  examined  the  Ughi  plain  in  detail,  but  at  the  foot  t>i  the  Susalgali 
pass  leading  from  Marisahra  to  Ughi,  and  a  few  miles  from  that  place^  I  noticed  a 
few  granite  blocks  resting  on  the  alluvium,  precisely  as  noticed  near  Shinki&ri. 

It  is^  however,  in'  the  valley  of  the  Nainsukh  or  Kanhar  riyer  that  the 
clearest  sections  are  seen  demonstrating  the  relations  of  the  'erratics'  of  the 
glacial  period  to  the  older  alluvial  deposits. 

The  Nainsukh  falls  into  the  Jhelum  opposite  Bara,  and  at  Grttrhi-Habibulla 
on  the  direct  road  from  Minsahra  to  Muzafardbdd,  is  a  muddy  brawling  glacier 
stream^  spanned  by  a  handsome  suspension  bridge.     In  the  bed  of  the  stream 
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are  numerous  '  erratics/  and  I  determined  to  trace  them  to  their  source,  though 
I  hardly  anticipated  so  clear  and  decisiye  a  result  as  rewarded  my  efforts. 

The  valley  of  the  Nainsukh  or  Kanhar  river,  draining  the  Kagh^n  valley  on 
the  north,  is  very  narrow  with  a  very  great  fall,  and  bounded  on  either  side  by 
ranges  of  hills  with  peaks  from  8,000  to  15,000  feet  or  more.  On  nearing  Qarhi 
Habibulla  from  Mdnsahra  enormous  '  fans'  are  seen  descending  from  the  range 
across  the  river  (to  the  east)  to  the  stream.  On  the  west  bank,  however,  the 
road  from  Qarhi  to  E[agh4n  lies  along  the  bed  of  the  stream,  and  is  skirted 
in  many  places  for  miles  by  a  steep  cliff  of  old  river  gravels,  through  which  the 
brawling  river  has  cut  its  present  bed.  This  cliff  varies  from  80  to  100  feet 
or  more  in  height^  and  the  thickness  of  the  gravels,  or  old  alluvial  deposits,  of  the 
Kanhar  river  may  be  150  or  200  feet  or  more,  which  is  neither  easy  on  a 
cursory  visit,  nor  material  to  determine.  In  this  cliff  every  pebble  is  clearly 
exposed,  and  the  striking  fact  was  soon  established  beyond  all  question,  that  no 
'  erratics'  existed  in  this  deposit  from  top  to  bottom.  Yet,  they  were  plentiful 
enough  in  the  bed  of  the  stream,  from  15  to  60  feet  or  more  in  girth. 

Where,  then,  did  they  come  from  P 

About  Qarhi,  the  gravel  of  this  old  alluvium  is  not  very  coarse,  that  is,  it  is 
a  gravel  in  which  boulders  of  one  foot  in  diameter  are  rare  and  conspicuous  for 
their  size,  contrasted  with  the  bulk  of  the  materials  around  them.  Ascending 
the  stream,  however,  the  deposit  increases  in  coarseness  g^radually,  till  near 
Byssia,  boulders  of  from  1  to  10  feet  in  diameter  have  become  pretty 
numerous,  but  no  erratics  or  boulders  of  a  larger  size.  The  section  of  the 
deposit  is  clear,  and  the  fact  indisputable.  A  mile  below  Byssia,  the  road  winds 
round  an  almost  overhanging  cliff  of  these  gravels.  Here  an  occasional  boulder 
of  3  feet  in  diameter  may  be  detected,  though  such  are  rare ;  whilst  in  the 
river  bed  beneath  huge  '  erratics '  are  plentiful,  and  a  little  way  higher  up 
numbers  occur,  two  of  which  were  over  70  feet  in  girth.  The  largest  '  erratics ' 
in  the  river  bed  are  of  the  usual  Haz&ra  gneiss ;  whereas  gneiss  is  not  prominent 
in  the  terrace  gravels,  and  only  in  small  boulders,  the  larger  blocks  in  these  beds 
consisting  of  limestone,  hard  schists,  or  trap  rocks.  It,  therefore,  became  perfectly 
clear,  even  before  reaching  Byssia,  that  no  erratics  were  being  brought  down 
by  any  agency  during  the  period  these  old  gravels  were  being  laid  down. 

This  deduction,  which  is  beyond  challenge,  is  the  key  to  the  glacial  pheno- 
mena of  the  entire  sub- Himalayan  region. 

Byssia  is  built  on  a  low  terrace  of  coarse  gravel,  as  described  above ;  but  it  is 
not  more  than  a  third  as  high  as  the  terrace  near  Qarhi.  On  the  opposite  bank 
of  the  river,  however,  a  part  of  the  old  alluvial  terrace  is  seen  of  the  usual 
height,  so  it  is  clear  that  some  agency  has  operated  to  reduce  the  height  of  that 
portion  on  which  Byssia  stands.  Close  to  the  village  some  scattered  *  erratics ' 
are  seen,  and  at  the  village  graves,  a  line  of  erratics  commences  and  extends 
thence  right  up  the  valley.  The  annexed  sketch  (see  map)  will  illustrate  the 
general  feature  of  the  ground.  The  erratic  blocks  are  of  the  ordinary  character 
of  the  Haziira  gneiss  erratics ;  and  it  would  seem  to  be  the  continuation  of  this 
line,  engulphed  in  the  river,  which  I  noticed  above  as  yielding  blocks  70  feet 
in  girth. 
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The  origin  of  this  stream  of  *  erratics '  is  not  far  to  seek.  Ascending  the 
yallej  above  Byssia,  the  village  of  Shahwal  is  soon  reached,  standing  on  the 
farther  bank  of  a  small  stream.  Down  this  stream  has  descended  what  those  who 
please  niaj  call  a  '  fan/  bat  what  I  term  a  '  moraine,'  disintegrated  perhaps  by 
sabseqaent  stream  action,  bat  which  consists  of  an  enormons  stream  of  granite 
blocks  from  the  range  behind,  np,  say,  to  40  feet  or  more  in  girth.  This  stream 
nnites  with  a  similar  one  which  has  descended  the  main  valley,  and  is  jost  an 
old  lateral  moraine.  A  little  way  below  this  a  small  streamlet  of  blocks  has 
forced  its  way  down  a  narrow  valley, — I  may  almost  say  cascaded  down  it,— and 
joining  the  larger  lateral  moraine  of  Shahwal  has  helped  to  swell  the  stream  of 
blocks  all  tending  towards  Byssia.  The  little  valley  allnded  to  is  barely  50  yards 
broad  with  steep  V  sides,  and  yet  several  of  the  blocks  piled  aU  on  top  of  each 
other  are  from  40  to  70  feet  in  girth  and  completely  jam  the  gorge.  The  fall  of 
this  gorge  is  steep,  and  I  doabt  if  it  ever  contains  a  conple  of  feet  of  water,  and 
that  most  be  often  broken  np  into  foam,  cascading  over  these  rooky  masses, 
the  arrangement  of  which  is  shown  in  the  oatUne  section,  fig.  2  (see  map) . 

In  bringing  forward  this  section,  however,  I  claim  to  be  nnderstood  intelli- 
gently, and  not  to  be  confronted  by  inapplicable  syllogisms  of  the  welUknown  V 
order  of  argament  of  the  antiglaciaUsts.  Whoever,  indeed,  looks  here  for  ioe 
marks  on  the  rocks  will  be  disappointed ;  nor  can  the  obvions  history  of  the  gorge 
lead  to  any  other  anticipation.  The  gorge  originally  gave  passage  to  a  small 
glacier,  as  no  other  means  I  consider  adeqaate  to  the  transport  of  the  rocky  masses 
found  in  it.  The  base  of  the  glacier  no  doabt  was  of  the  osaal  shape,  and  at  a 
much  higher  level  than  ihe  present  bed  of  the  V-shaped  gorge.  On  the  dis- 
appearance of  the  glacier,  stream  action  commenced,  and,  aided  by  the  sooar  of 
the  sharp  granite  detritas,  soon  efbced  the  old  valley  and  oat  down  the  present 
V-shaped  channel  into  which,  pari  poMu^  the  'erratic'  blocks  snbsided.  To 
imagine  that  such  a  piddling  stream  as  coald  ever  have  foand  its  way  down  here, 
broaght  down  these  hage  blocks,  is  simply  absard.  The  argament  might  be 
addaced  for  the  large  stream  ander  Shahwal,  bat  not  here. 

The  constitation,  however,  of  the  old  river  gravels  disproves  the  idea  that 
stream  action  which  prodnced  them  had  any  inflaence  in  bringing  down  the 
'erratics.'  The  material  of  which  the  'erratics'  consist,  existed  then,  as  now, 
close  at  hand  in  the  adjoining  ranges,  bat  the  power  to  move  t^em  was  wanting, 
till  the  sapervention  of  glacial  conditions  daring  a  later  period.  It  wonld  be 
mere  repetition  to  describe  similar  cases  all  ap  the  vaUey,  the  'erratics'  every- 
where  reposing  on  the  river  gravels  and  being  obvioasly  referrible  to  sabseqaent 
ice  action  and  not  to  river  transport. 

The  consideration  of  the  above  facts  affords  a  key,  in  my  opinion,  for  recon- 
ciling  the  opposing  views  held,  regarding  the  share  played  by  ice  in  the  formation 
of  these  recent  deposits.  The  presence  of  huge  'erratics'  strewn  over  the  enter 
hills  is  appealed  to  by  men  like  myself,  supporters  of  glacial  views,  as  a  pix>of  of 
the  reality  of  snch  agency,  and  is  opposed  by  other  observers  en  the  ground  that 
such  blocks  are  embedded  in  deposits  of  palpably  fluviatile  origin,  but  tiU  now 
it  has  never  been  shown  that  both  advocates  are  in  a  measure  right,  though  in 
reality  the  erratic  blocks  merely  rest  on  and  are  not  really  embedded,   save 
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superficiallj,  in  the  river  deposits.  To  quote  an  example :  Near  Biifii,  on  the 
Chin&b,  an  enormous  limestone  '  erratic'  was  pointed  ont  by  me  to  my  coUea^es, 
Messrs.  Medlicott  and  Lydekker,  in  proof  of  glacial  conditions  having  necessarily 
been  involved  in  its  transport,  but  as  it  rested  on  a  thick  deposit  of  river  gravelsy 
my  argument  was  held  to  be  discredited.  In  these  cases,  cu  in  aU  others  thai  I 
have  seen,  this  *  erratic '  block  rested  on  the  river  deposits,  but  the  true  signi- 
ficance of  this  fact  was  not  then  fully  comprehended  by  any  of  us,  and  was  looked 
on  as  fortuitous,  in  place  of  being  the  normal  position  of  these  blocks  with  refer- 
ence to  the  old  river  gravels. 

Considering  then,  as  I  do,  that  the  distinct  relation  of  a  newer  ghicial 
deposit,  consisting  mainly  of  '  erratic '  blocks,  to  an  older]  fluviatile  deposit,  as 
established  beyond  controversy  by  the  sections  seen  in  the  Kanhar  river,  and 
the  consequent  extension  of  an  isothermal  line  compatible  with  the  existence  of 
glaciers,  to  so  low  a  level  as  between  2,000  and  3,000  feet  in  the  Northern  Punjab, 
I  would  here  add  a  few  words  on  the  various  objectionB  which  have  been  adduced 
against  the  possibility  of  such  a  condition  of  things  elsewhere. 

In  my  paper  on  the  ancient  glaciers  of  the  K&ngra  district  (Records  YII, 
p.  86),  I  endeavoured  to  show  that  the  *  erratics'  originally  described  by 
Mr.  Medlicott  as  'glacial  debris  of  the  Dhauladh&r'  (Memoirs,  III,  Part  2, 
p.  155)  were  really  due  to  moraine  transport ;  but  I  did  not  then  comprehend 
the  true  key  of  their  seeming  anomalous  relation  to  fluviatile  deposits  wherever 
they  are  seen  to  rest.  I  did  not  then  apprehend  that  they  only  rested  on  such 
deposits  and  were  not  enveloped  in  them.  But  I  did  comprehend  and  claim 
to  have  distinctly  asserted  that  they  were  of  moraine  origin^  and^  what  is  more, 
that  there  should  he  no  possible  misapprehension  (though  in  this  I  was  vastly 
mistaken),  I  divided  the  area  into  three  vertical  zones  or  areas,  nn-ming  each 
respectively  pre-glacial,  glacial,  and  post-glacial.  I  quote  my  own  words  (/.  c. 
p.  93).  '*  The  Kdngra  district  may  be  ideally  divided  into  three  vertical  areas 
or  zones : 

Firstly,  a  pre-glacial  area  embracing  the  whole  country,  which  contributed 
from  peak  to  plain  to  the  genesis^  and  development  of  the  glaciers  under  con- 
sideration  ;  speaking  roundly  and  without  any  measured  data  to  check  the 
estimate,  the  above  zone  or  area  embraces  all  ground  higher  than  from  250 
to  300  feet  above  the  mean  level  of  the  present  streams. 

Secondly i  a  glacial  area  proper,  embracing  the  entire  area  either  occupied  or 
excavated  by  the  glaciers,  which  may  be  approximately  fixed  as  commencing 
at  the  bottom  of  the  above  division  and  terminating  below,  at  a  level  of  about 
150  feet  more  or  less  above  the  mean  level  of  the  present  streams. 

Thirdly^  a  post-glacial  area,  embracing  the  whole  of  the  ground  below  the 
basal  limit  of  the  last  division  and  the  result  of  aerial  denudation  subsequent 
to  the  cessation  of  glacial  conditions." 

The  precise  figures  used  are,  of  course,  open  to  correction,  but  no  possible 
exegesis  can  render  the  above  words  clearer  than  they  are,  as  they  stand,  and  yet 
Mr.  J.  F.  Campbell,  F.Q.S.,  with  my  paper  in  his  hand,  actually  potters  about, 
lookiug  for  glacial  markings  within  my  post-glacial  areo^  and  finding  none, 
pronounced  my  theory  discredited   (see   Journal,   Asiatic   Society  of  Bengal, 
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Vol.  XLVIi  Part  II,  1877,  Campbell  on  Himalayan  glfloiation).  I  shall  not 
disonflB  Mr.  Campbell's  brodhnre  at  length,  simply  because  a  man  who  professes 
to  relate  the  views  of  another,  which  his  every  word  proves  him  not  to  have 
comprehended,  cannot  be  profitably  argued  with,  bnt  some  of  Mr.  Campbell's 
arguments,  being  of  a  general'  nature  and  the  joint  property  and  stock-in-trade 
of  ail  anti*glaoial  geologists,  may  be  here  noticed.  It  may  be  here  mentioned 
that  as  Mr.  Campbell  has  not  realised  the  conditions  which  I  believe  really  ob- 
tained, many  of  the  arguments  adduced  are  really  and  truly  beside  the  question ; 
but  "  n'imporfce."» 

Arguments  why  glaciers  never  descended,  as  ascribed  by  mci  to  within  2,000 
or  3,000  feet  of  the  sea  in  Northern  India  :— 

I.-— The  course  of  these  suppositive  glaciers  lies  along  Y-shaped  valleys,  which 

indicate  aqueous,  not  glacial,  erosion. 

Undoubtedly,  as  the  remarks  previously  made  show,  the  Iglaciers  descended 

on  top  of  an  enormous  accwnuldtion  of  gravels  filling  up  ihe  old  valleys  of  a  V 

shape.    These  gravels  were  only  partly  cut  down  and  cleared  away  by  the  glaciers ; 

and  partly  to  this,  and  partly  to  the  post-glacial  action  of  streams,  the  contours 

of  the  ground  are  all  of  the  V  kind.    Argument  No.  I  is  consequently  worthless. 

II. — No  glacial  markings  are  found  on  rocks  in  sUu^  as  must  have  been  the 

case  had  each  river  bed  given  passage  to  a  glacier,  as  asserted. 

To  this  I  remark,  that  seareh  for  such  marks  seems  generally  to  have  been 
made  by  Mr.  Campbell  in  places  where,  if  my  theory  is  correct,  no  glacier 
ever  descended,  that  is,  in  contact  with  the  present  rock  surface ;  and  that  the 
ordinary  reads  leading  up  our  large  river  valleys  lie,  as  a  matter  of  fact,  below 
the  level,  where  ice  action  would  have  left  its  maiit.  Then,  again,  so  much  of  the 
ground  in  question  is  made  up  of  rock  unfitted  for,  or  incapable  of,  retaining 
*  ice  maridngs ;'  and  when  the  rode  is  fitted,  it  forms  crags  above  the  paths  now 
used,  accessible  to  few  living  things,  save  the  wild  goat  and  his  natural  enemy, 
the  human  hunter*    This  argument  is  therefore  no  better  than  the  last. 

III. — ^Absence  of  -  striated  blocks  within  the  area  asserted  to  have  ^been 
traversed  by  glaoieirs* 

To  this  I  reply  that  the  rock  which  has  fumiiahed  the  largest  and  most 
numerous  *  erratics '  (granitoid  gneiss)  is  wholly  unfitted  for  the  retention  of  any 

1  Mr.  Ounpbell's  obsenration  was  very  far  from  being  so  preposterous  as  Mr.  Theobald  would 
make  out.  Notwithstanding  the  definitions  qnoted  abore — a  general  meaning  for  which  (and  it 
wtmld  be  ridiculous  to  attach  a  rigorous  meaning  to  such  definitions,  where  the  conditions  neces- 
sarily admit  of  exceptions)  was  snfl&ciently  obriousp  in  the  prevailing  erosion  of  the  river  gorgea 
below  the  level  of  the  old  gravels — it  was  a  perfectly  fair,  or  even  ineritable^  inference  that  any 
rock-surCsoe  supporting  the  old  gravds  was  one  on  which,  according  to  Mr.  Theobald,  a  glacier 
had  travelled.  Mr.  Osmpbell  found  such  a  surface  freshly  exposed,  but  without  any  trace  of  the 
marUngs  required  by  such  conditions.  Thero  might  remain  a  dispute  about  the  identity  of  the 
gravels  at  that  spot,  but  this  would  altogether  change  the  venue  of  the  case.  It  would  seem  that 
Mr.  Theobald  did  not  at  the  time  comprehend  his  own  brochure  otherwise  than  Mr.  CampbeU ; 
for  in  a  subsequent  notice  (Beeords  X,  p«  140)  of  the  opinion  that  had  been  passed  upon  the 
supposed  glaciers  of  the  K^ngra  vall^,  he  mskes  no  allusion  to  the  rejoinder  which  he  now 
(m  suggested  l^  his  recent  observations)  urges  with  such  ultra  ferocious  vigour^— a  triumphant 
s^le  wUoh  by  no  means  helps  to  impart  the  conviction  it  ostensibly  implies— H.  B.  M. 
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sucli  marks ;  and  also  that  the  depoBits,  whereon  ihen  erraJtici  reH^  being  of 
tile  origin,  have  natnrally  been  searched  in  yain  for  snch  eridenoe ;  and  lastly 
(whatever  may  be  the  reason  therefor),  in  India,  scratched  blocks  are  so  rare 
as  almost  to  be  exceptional  in  the  vicinily  of  existing  glaciers.  The  absence  or 
rarity  of  *  scratched  blocks '  at  low  levels  is  merely,  therefore,  a  negative  argnment, 
which,  if  of  any  force,  might  be  nsed  to  disprove  the  existence  of  glaciers,  where 
they  are  now  actually  to  be  met  with.  Argument  No.  Ill  therefore  is  as  little 
cogent  as  its  predecessors. 

lY. — ^Water  power  is  sufficient  to  account^ for  the  transport  of  the  blocks 
termed  by  me  '  erratics '  and  referred  by  me  to  either  floating  ice 
or '  moraines.* 

This  is  an  argument  which  anti-gladalists  never  weaiy  of  producing,  in  season 
and  out  of  season,  and  requires  therefore  some  consideration.  As  the  Elangra 
'  erratics '  range  up  to  150  feet  in  girth,  and  many  of  them  of  very  large  sice  stand 
well  out  in  the  plains,  away  from  the  hills  and  in  cultivated  ground,  I  have 
no  belief  in  such  a  vehicle  for  such  blocks.  How  the  case  might  be  in  a  river 
bed  is  another  matter ;  but  standing,  as  many  of  these  erratics  do,  in  open  ground, 
the  idea  is  not  tenable  for  an  instant.^ 

Mr.  Campbell  remarks :  ''  I  am  quite  certain  that  the  Kingra  erratics  are 
large  '  pebbles '  washed  out  of  the  '  cads  **  by  heavy  floods."  Now,  if  these  erratics 
were  met  with  only  in  the  *  cads '  (khuds)  or  more  numerously  in  the  khuds, 
than  out  of  them,  Mr.  Campbell's  argnment  would  have  a  colourable  basis ;  but 
the  reverse  is  the  case,  and  the  largest  blocks  are  found  in  spots  where  it  is  im- 
possible  they  could  have  been  washed  into  out  of  any  possible  khnd. 

To  descend,  however,  from  the  general  to  the  paHdcuJar.  Let  us  examine  the 
case  of  how  Indian  rivers  do  deal  with  masses,  such  as  Kingra '  erratics.* 

In  my  K&ngn,  paper  I  say:  "At  Suj^pur,  the  moraine  of  the  Suj&ipur 
glacier  is  seen  pushed  right  across  the  present  channel  of  the  Beas^  at  a  much  higher 
level  than  that  of  the  present  stream,  which  has  made  a  dean  and  deep  cut  throu^^ 
it;  yet,  though  the  'erratic'  blocks  scattered  round  the  travellers' bungalow  at 
Suj&npur  and  all  over  the  truncated  end  of  the  moraine  on  the  opposite  side  of 
the  river  are  of  a  large  size,  not  a  trace  of  one  can  be  seen  in  the  river  bed 
beneath." 

This  disappearance  of  the  '  erratics '  in  the  bed  of  the  stream  may  be  aoconnted 
for  in  three  ways.  There  is,  first,  the '  rush  of  water '  theory  of  the  anti-gladalists, 
and,  doubtless,  if  a  piddling  stream  could  have  brought  these  blocks  as  far  as 
the  banks  of  the  Beas,  the  bigger  river  could  have  easily  moved  them  on ;  in  which 
case  we  should  expect  to  find  them  congregated  in  a  lump  or  bar,  at  the  first 
spot  where  "die  reduced  velodiy  of  the  river  outside  the  hills  deprived  it  of  the 

1  The  f aljiicy  of  aisuming  that  the  larfaoe  on  which  these  blocks  now  Ke  is  that  on  whidi 
they  were  depoeited,  haa  heen  already  indicated  (Joor.  As.  Soo.,  Bengal,  XLYI,  Ft.  n,  p.  ItX— 

H.  B.  M. 

3  1  am  indebted  to  Mr.  Medlicott  for  kindly  pointing  out  to  me  tiiat  the  word  'cad'  which 
I  had  (in  my  ignorance)  supposed  to  be  a  local  term,  cnirent  in  the  Highlands  of  Scotland,  and 
pare  Gaelic  for  gravels,  was  merely  a  note!  mode  of  spelling  the  common  Indian  word  '  khnd '  =  a 
steep  valley. 
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necessary  power  required  to  carry  the  block  onwards ;  but  no  such  accumulation 
is  seen,  and  hence  it  is  very  doubtful  if  the  river  ever  acted  in  this  manner. 
Secondly,  the  blocks,  after  being  engulphed  in  the  main  channel,  may  be  supposed 
to  haye  been  destroyed  by  wear  and  tear  and  the  impact  of  rolling  masses  during 
floods.  Such  a  process,  no  doubt^  disposes  of  a  vast  bulk  of  materials  in  every 
stream ;  but  it  is  a  process  probably  more  active  in  mountain  torrents  with  a 
steeper  fall,  but  less  actual  body  of  water  than  the  Beas.  Thirdly,  there  is  the 
scouring  action,  which  during  floods  undermines  big  obstacles  to  the  current,  and 
eventually  entombs  them  in  the  grave  thus  produced,  levelling  the  gpravel  flush 
over  the  spot  where  they  have  disappeared ;  and  this  I  believe  to  be  the  case 
in  the  Beas,  and  the  true  explanation  of  the  paucity  of  '  erratics '  in  its  channel. 

To  consider  now  the  case  of  a  river  whose  velocity  largely  exceeds  that  of 
the  Beas  at  Suj&npur.  The  Jhelum  below  ITri  fulfils  this  condition,  as  the 
stream  is  there  in  many  spots  a  '  race,'  and  the  bed  of  the  river  is  full,  moreover, 
of  these  very  erratics,  derived  from  the  lofty  peaks  of  the  KiLj  Ndg  adjoining. 
YHiat  water  can  do  in  a  stream  bed  with  such  '  erratics '  we  here  see.  The  effect 
of  the  rapid  stream  is  to  clear  away  all  gravel  and  smaller  boulders,  leaving  the 
larger  masses  packed  against  each  other,  with  great  cavernous  interspaces  between. 
Over  these  masses  of  rock,  the  waters  cascade  ,in  sheets  of  foam,  or  force  their 
way  in  hissing  jets  between  or  beneath  them ;  but  the  rocky  masses  themselves 
are  inmioveably  packed  by  the  very  force  and  agency  of  that  element  which 
some  would  regard  as  capable  under  such  circumstances  of  sweeping  tiliem  away. 
Not  a  bit  of  it — occasionally  a  blasted  pine,  whirling  down  stream,  gets  swept 
between  the  blocks,  and  by  its  leverage  wrenches  them  apart ;  but  this  is  a  pass- 
ing incident,  and  its  effect,  so  far  as  any  onward  and  progpnessive  movement  of  the 
blocks  is  concerned,  is  inappreciable. 

These  two  instances  of  the  Beas  and  Jhelum  illustrate  the  power  possessed 
by  water  under  the  ordinary  operations  of  nature  to  move  masses  like  the  sub- 
Himalayan  erratics ;  but  the  necessity  of  weighing  the  argument  is  almost  dis- 
pensed with  from  the  now  established  fact  (presuming  the  Kingra  and  Haz&ra 
deposits  to  be  homologous)  that  the  erratics  do  not  occur  embedded  in  the  old 
river  gravels,  but  simply  resting  on  them. 

How,  too,  I  ask,  on  the  supposition  advocated  by  Mr.  Campbell,  that  the 
*  erraticSf*  as  I  consider  them,  are  merely  masses  transported  down  a  '  fan '  by 
stream  action — ^how,  I  ask,  comes  it,  that  they  have  crossed  over  the  Beas  from 
north  to  south,  as  shown  in  my  map  above  Sujinpur.  It  is  impossible  that  the 
materials  swept  into  a  river  down  a  '  fan '  should  cross  its  channel  and  be  found 
on  the  opposite  bank.  With  the  old  glaciers  the  case  was  different.  They  coin- 
cided generally  only  with  the  present  valleys,  but  not  with  the  existing  river  beds  • 
and  hence,  as  in  the  case  of  the  '  erratics '  on  the  south  bank  of  the  Beas  at 
Suj&npur,  their  moraines  were  breached  by  the  rivers  which  succeeded  them.  The 
same  argument  and  the  same  latitude  wiU  not  apply  to  any  supposed  rivers,  as 
agents  in  producing  this  arrangement  of  '  erratics ;'  as,  supposing  the  Beas  (as  is 
a  simple  supposition,  quite  possible)  to  have  formerly  held  the  more  southern 
course,  which  I  suppose  the  glacier  here  did,  and  to  have  run  south  of  where  the 
'  erratics  '  in  question  now  occur,  yet  it  is  impossible  to  suppose  that  the  river 
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can  have  out  its  waj  back  ncmlili  into  its  praaent  ooone  witfaoni  lemoyiiig, 
in  BO  doing,  the  *  erratics '  which  stand  in  a  position  which  would,  nnder  sndi 
circnmstanoes,  have  been  its  channel  for  a  certain  period.  The  contonr  of  die 
ground,  too,  is  opposed  to  the  idea  of  the  river  having  ever  flowed,  at  the  spot, 
more  to  the  south,  so  that  the  '&yi'  theory  of  'etratic'  trauspoH  wholly  liraakB 
down. 

The  fdlowing  notes,  penned  so  far  back  as  1871,  may  be  here  quoted,  as 

the  views  then  advocated  are  strongly  corroborated  by  the  foregoing  vesnliB 

of  last  season. 

**  The  interest  which  attaches  to  any  welUdefined  traces  of  former  glacial 

oonditionB,  away  from  the  immediate  vicinity  of  the  main  Himalayan  ranges, 

induces  me  to  bring  forward  such  an  instance  (as  I  believe  it  to  be)  on  ihe  flank 

of  Jogi  Tillah,  the  well-known  hill  near  Jhelum,  and  which  must,  if  substantiaied, 

offer  considerable  support  to  the  view  of  a  former  more  extensive  glaoiation  in 

India  than  is  generally  supposed,  and  not  dependent  on  any  present  local   fea> 

tares,  orographical  or  hypsometrical. 

**  Jogi  Tillah,  which  rises  somewhat  abruptly  from  the  plains,  is  situated  16 
miles  west-south-west  from  Jhelum,  and  may  be  regarded  as  the  most  easterly 
termination  of  the  Salt-range,  though  aevered.from  it  by  some  oomplioated 
faulting  and  the  channel  of  the  Biinhar  river.     The  mountain  itseU  is  a  wedge 
of  rock  forming  an  epitome  of  the  Salt-range  strata,  and  displaying  at  base  the 
devonian  salt  marl  on  the  one  hand,  whilst  on  its  opposite  slope  a  thin   belt 
of  nummulitio  limestone  dips  at  a  steep  angle   beneath   the  extended  neww 
tertiaries  which  form  the  great  Potowar  plateau.    As  the  dip  of  the  beds  is 
to  the  north-west^   the  scarp  of  the  hill  faces   the   south-east,   and  below  the 
goarp,  the  hill  side  falls  rapidly  away   over  a  talus  of    fragmentary   blocks 
deeply  excavated  by  ravines  which  furrow  the  newer  tertiary  beds  at  its  base. 
Viewed  from  a  distance,  the  profile  of  the  outer  hills  immediately  beyond  the 
aoarp  of  the  mountain  is  peculiar,  the  outline  being  that  of  a  long,  flat  hill,  with 
a  slope  outward  of  less  than  10,"*.  though  what   is  seen  is  really  the  profile  <d 
one  of  many  long  ridges,  separated  by  narrow  valleys,  deeply  excavated  in  the 
soft  tertiary  sands  and  chiys.     So  far  there  is  nothing  peculiar,  nor  are  any 
(at  least  prominent)  traces  of  glacial  action  met  with  either  to  the  east  or  west 
of  the  hill,  or  over  the  flat  Potowar  plateau  stretching  away  for  miles  to  the 
north  of  it.    For  a  narrow  space,  however,  of  about  3  miles  west  of  HAn, 
over  a  belt  of  ground  corresponding  with  the  loftiest  point  of  the  mountain, 
the  whole  surface  is  more  or  less  thickly  covered  with  blocks,  irregular  and 
sub-angolar,  of  the  rocks  forming  the  mass  of  the  hill  and  presenting  aU  the 
appearance  of  having  formed  part  of    an    enormous    moraine,  or   group   of 
moraines,   which  swept  down  with  a  grand  curve  a  little  west  of  Hftmnlft^  and 
thence  on  to  within  a  similar  distance  of  Htin,  both  villages  standing  just  out- 
side of  the  great  stream  of  fragments.     On  the  top  of  the  ridges,  now  some 
^00  feet  or  more  above  the  present  streams,  these  fragments  are  tHokly  packed, 
ut  they  are  also  seen  strewed  over  the  sides  of  the  hill  and  choking  up  the 
oeas  of  the  streams.    The  general  relations  and  arrangement  of  these  blocks  are 
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nowhere  better  seen  than  on  the  road  from  Hidn  to  Hanrala,  and  jnst  where 
the  road  veaoheB  the  small  stream  west  of  the  latter  village,  the  whole  coun- 
try betrajs  signs  of  being  littered  over  with  moraine  debris,  thongh  all,  if  I  mis- 
take not,  subsided  through  their  gravity  and  the  gradually  washing  away  of  the 
soft  tertiary  beds  whereon  they  onoe  rested,  and  not  actually  in  situ.  This  is 
clearly  seen  by  tracing  the  blocks  up  the  steep  slope  of  the  hill  to  their 
undisturbed  place  at  the  top,  the  top  being  the  long  sloping  ridge,  seen  in  all 
disfcant  views  of  the  gpfound  as  gradually  sloping  from  the  base  of  the  scarped 
side  of  the  mountain. 

**  On  the  top,  then,  only,  of  these  ridges  (no  doubt  once  an  extended  and  con^ 
tinuous  plateau)  the  undisturbed  moraine  materials  are  seen,  but  beyond,  on  the 
lower  ground,  and  on  the  sides  of  the  hills,  the  materials  sae  distributed, 
under  the  influence  of  ordinary  dmiudation  and  gravity. 

**  The  blocks  which  form  this  great  flood  of  stones  are  irregular  in  shape  and 
Bub-angalar,  of  no  vexy  great  size,  2  feet  in  diameter,  pwhaps  being  a  fair  mean, 
though  some  larger  ones  are  interspersed  here  and  there.  The  largest  remarked 
by  me  was  barely  8  feet  in  length,  and  was  split  into  three  pieces,  where  it  lay, 
most  probably,  by  the  action  of  frost,  to  which  may  be  attributed  the  absence 
of  any  large  fragments.  The  majority  of  blocks  consisted  of  the  magnesian 
limestone,  or  some  of  the  sandstones  found  in  the  hiU ;  but  the  red  sandstone, 
overlying  ^b»  salt  marl,  though  not  absent,  was  scarce,  and  the  few  specimens 
seal  were  much  decayed  from  tiie  joint  action  of  saline  infiltration  and  the 
consequent  disintegration  of  the  stone  <Airougfa  the  action  of  moisture  and  frost. 

*^  That  these  stones  all  descended  from  the  scarp  of  Jogi  Tillah  is  dear,  but 
how  is  the  question.  The  ground  covered  by  these  blocks  may  be  roughly  taken 
as  some  3  miles  in  breadth  opposite  the  highest  peaks  of  Jogi  Tillah,  whilst  the 
flood  of  stones  extends  over  3  miles  or  more  from  the  highest  peaks.  Now  the 
horizontal  catchment  area  opposite  the  highest  scarp  is  not  appreciably  greater 
than  on  an  equal  breadth  opposite  the  less  elevated  portions  of  the  mountain, 
so  that  had  mere  streams  been  the  motive  power,  we  should  have  to  account  for 
a  local  debacle  of  stones  for  which  no  adequate  explanation  through  local 
stream  action  was  available ;  whereas  in  the  case  of  a  glacier,  it  is  dear  that 
the  magnitude  of  the  associated  moraine  would  bear  a  more  or  less  dose  ratio 
to  the  altitude  of  the  rocky  face  from  which  the  glacier  originated,  just  such 
a  relation,  in  fact,  as  these  scattered  masses  display  with  relation  to  the  highest 
point  of  the  mountain. 

**  Three  miles  may  seem  a  distance  not  too  great  for  these  blocks  to  have 
travelled  during  the  countless  centuries  during  which  the  streams  have  been 
lowering  their  channels  from  the  old  high  level  at  which  they  once  ran — the 
old  glader  level  in  fact ;  but  such  a  supposition  leaves  out  of  sight  two  points : 
first,  that  though  such  small  streams  as  descend  from  Jogi  Tillah  are  capable  of 
a  very  powerful  erosive  action  on  the  soft  beds  through  which  they  ran,  their 
direct  transporting  power  forwards  as  regards  large  subangular  masses  of  stone 
is  almost  nil;  and,  secondly,  that  the  great  bulk  of  debris,  which  I  term  a 
'  moraine,'  is  certainly  transported,  and  that  a  clear  distinction  can  be  observed 
between  the  high  level  bulk  of  the  deposit,  which  may  be  regarded  as  the  material 
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as  left»  in  situ,  by  QiB  oeasation  of  the  transportiiig  oause,  and  the  subsidiaxy 
effect  of  stream  catting  which  has  since  been  going  on,  allowing  the  lapse  from 
the  higher  level  of  the  "  moraine"  matters  by  simple  gravity  into  the  newer  and 
ever-deepening  channels.  There  is  thns  a  *^  consensus  "  of  arguments  all  tending 
to  support  a  glacial  origin  for  the  blocks  in  question. 

"  There  is  the  general  appearance  so  suggestive  of  a  moraine  in  the  arrange- 
ment of  the  coarse  materials,  and  the  marked  and  definite  sweep  they  assume 
west  of  Hiin  and  Kaninla>  Then  there  is  the  marked  relation  of  this  band  of 
debris  to  the  highest  part  of  the  hill,  which  might  of  course  call  for  no  remark  if 
it  was  confined  to  a  mere  talus  along  the  base  of  the  mountain,  but  is  very 
significant  when  it  is  found  stretching  outward  at  a  high  level  in  a  manner 
hardly  compatible  with  mere  fluvial  agency,  and  there  is  the  difficulty  of  admit- 
ting the  power  of  streams  to  produce  such  a  result  under  the  peculiar  physical 
and  surface  conditions  of  the  neighbourhood.  Finally,  it  can  hardly  be  ques- 
tioned that  Jogi  TUlah  lies  well  within  the  isothermal  limits  of  former  glacier 
extension,  since  I  have  shown  that  at  the  period  in  question  that  line  embraced 
the  southern  flanks  of  the  outer  hills  down  to  the  plains  west  of  the  Jumna." 

The  above  extract  from  my  notes  is  given  with  trivial  verbal  alterations, 
precisely  as  it  was  written  in  1871 ;  indeed  there  is  no  call  for  any  alteration. 
Both  Mr.  Medlicott  and  Mr.  Iiydekker  accompanied  me  over  the  ground,  and 
they  were  much  struck  with  the  appearances  which  I  refer  to  glacial  conditions, 
though  I  believe  their  verdict  at  the  time  was  one  of  'not  proven.'  It  was 
then  certainly  more  bold  to  adduce  such  a  cause  than  it  would  be  now,  after 
so  convincing  a  demonstration  of  glacial  agency  at  low  levels  has  been  made 
out;  but  I  had  previously  discovered  symptoms  of  glacial  influences  to  the 
east,  which,  if  not  conclusive  per  <6,  had  their  proper  weight  in  determining 
my  own  conclusions.  I  will  mention  a  few — ^not  that  I  insist  in  every  instance 
that  they  are  absolutely  indications  of  glacial  agency,  but  that  such  agency 
seems  the  most  probable  explanation  thereof,  and,  with  a  view  to  direct  future 
observers  to  these  obscure  features,  that  their  true  bearing  may  be  better  eluci- 
dated. In  the  northern  part  of  the  Jhelum  district^  in  the  vicinity  of  the 
Jhelum  river,  a  noteworthy  feature  in  the  landscape  is  the  presence  of  flat^  high 
level  plateaux.  These  are  but  thinly  covered  by  surface  alluvium,  and  are  not 
portions  of  old  lake  beds,  but  consist  of  sandstones  with  various  dip  planed  down 
flat  in  a  manner  which  makes  it  difficult  to  refer  such  to  the  result  of  wandering 
stream  action.  These  flat  plateaux  are  sometimes  slightiy  inclined,  and  the  most 
natural  explanation  of  this  particular  surface  configuration  is  '  ice  action.'  It 
is  a  feature  I  have  nowhere  seen  noticed  or  alluded  to  by  previous  writers,  and 
I  consider  it  one  which  merits  further  study. 

The  occurrence  in  the  valleys  of  moraine  materials,  disposed  as  I  have  de- 
scribed in  the  Kunhar  valley,  I  shall  not  here  allude  to  at  length,  as  such  cases 
are  rarely  so  clear  as  seen  there,  and  I  may  have  an  opportunity  of  re-examining 
some  spots  where  such  deposits  are  in  force,  as  in  some  tributaries  of  the  Chinitb. 
I  will,  however,  mention  one  case  of  a  transported  block  which  I  think  can  be 
due  to  none^  save  glacial  agency.  It  is  a  limestone  block  lying  on  the  stream, 
12  miles  south-west  from  Biiusi,  on  the  Chinibi  between  the  villages  Bardol  and 
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Karkeli.  Tliis  blook  of  limestone  Has  been  derived  from  the  limestone  range  to 
the  north  near  Poni;  but  the  entire  drainage  area  within  which  it  lies  is 
composed  of  Siwalik  sandstones,  and  it  mnst  have  crossed  the  present  watershed 
before  the  excavation  of  the  existing  valley.  The  GhiniLb  here  debonches  from  its 
rocky  gorge  into  the  more  open  valley  below  Biisi,  and  flows  throngh  a  very 
thick  coarse  boulder  deposit,  4  miles  broad  and '8' miles  in  length,  measured  along 
the  river,  which  deposits  tail  off,  and  rapidly  diminish  as  we  recede  from  the 
river,  and  are  in  my  opinion  largely  composed  of  the  re-arranged  glacial  materials 
which  must  have  filled  the  Chindb  valley  at  no  remote  date,  and  I  refer  the  lime- 
stone block  near  Bardol  to  the  same  agency  and  period  as  that  to  which  I  attri- 
bute the  erratic  block  previously  mentioned  as  lying  on  the  top  of  a  thick  river 
gravel  near  Bi&L  At  Bardol,  however,  the  block  in  question  has  subsided  into 
the  valley  by  the  removal,  by  denudation,  of  the  looser  materials  whereon  it  rested ; 
whereas  near  Bi&si  the  other  block  is  still  resting  in  nearly  its  original  position, 
on  the  undisturbed  gravel  at  a  high  level  above  the  river.  No  doubt  numerous 
similar  cases  occur ;  but  this  one  may  be  particularised,  aa  there  is  no  ambiguity 
regarding  its  position  and  relations. 
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Although  the  Arvali  region  does  not  abound  in  mineral  wealth,  still  it 
contains  several  extensive  mines  from  which,  in  bygone  times,  large  quantities 
of  copper  and  lead  ores  have  been  extracted,  and  a  number  of  small  pits  or 
burrows  where  ores  in  small  quantities  were  found. 

None  of  these  mines  were  worked  deeper  than  a  few  feet  below  the  water 
level  on  account  of  the  difficulty  of  raising  the  water.  In  some  cases,  however, 
when  the  mine  is  situated  on  a  hill,  an  adit  level  has  been  driven  into  the  hill 
to  drain  the  workings  and  cut  the  veins  at  a  lower  level  in  hope  of  finding  richer 
deposits ;  but  I  believe,  both  in  the  case  at  Ajmere  and  Daribo,  these  hopes  were 
not  realised. 

All  these  mines,  with  the  exception  of  those  worked  for  iron,  are  now  aban- 
doned, and  the  workings  filled  with  water  or  &illen  together,  and  so  little  is  now 
seen  that  it  is  impossible  to  form  an  opinion  of  their  value. 

The  ore  occurs  either  in  small  discontinuous  veins  or  thinly  disseminated 
through  the  rocks.  In  no  case  is  there  anything  like  a  continuous  vein  or  lode 
exposed. 

The  following  is  a  list  of  the  minerals,  and  the  localities  where  found  :— 


Copper. 


AtlMthMt. 

No. 


Khftri"*                                 '"  jshaatbawiti,  JeypoM  ...  ...  ...  40 

Daribo                 ...                ...     South  of  Kbo^  Ulwar  ...  ...  ...  60 

„     in  the  ridge  limilef  to  the  west                ...  ...  ...  ...  60 

Bhangarh             ...               ...     Ulwar               ...  ...  ...  ...  60 
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Atlwdkctt 
No. 


KuBhalgarh 

..• 

Ulwar 

••* 

... 

... 

60 

Baghaoi 

a*. 

Do.                   ••• 

••• 

«•• 

... 

&0 

Partabgarh 

... 

Do. 

••• 

•  *• 

... 

60 

West  of  Nabaio 
West  of  Udhala 

..  . 
•  •• 

j  Near  Saintbal,  Jeypore 

••• 

... 

50 

South-east  of  Qarh 

.•• 

1  Lalsot  blll^  JejpoM 

•■• 

•  •• 

•a. 

50 

Lalsot 

••• 

•  *• 

Babai ... 

••• 

•  •• 

Shaikhaw^tSf  Jeypore 

••• 

a.a 

... 

50 

Nithahar 

••. 

... 

BhtirtpoTO         ... 

..• 

... 

•  •a 

60 

Datanda 

•■• 

*.• 

Boondee 

••• 

... 

aaa 

84S.B. 

Bewara 

*•• 

•  •• 

Near  Gangapnr,  Oodeypore ... 

laa 

•«. 

84  aw. 

Ajmere 

••« 

•  •• 

Near  the  Jail    ... 

••• 

.•a 

•  aa 

84N.E. 

Tasing 

.•• 

.•• 

Mandan  bills,  Ulwar 

•  •r 

•  a. 

... 

60 

Jasingpara 

.•• 

*•• 

Near  the  railway,  Ulwar 

•  •• 

... 

... 

60 

Gngra 

... 

•  •• 

4  miles  north-north-east  of  Ajmere 

... 

... 

84N.Ea 

B^jgarh 

... 

•  *• 

10  miles  south  of  Ajmere 

•  •• 

*m9 

... 

84N.E. 

Rajanii 

.•• 

••• 

Near  the  above 

Galena. 

••« 

••• 
• 

... 

84N.S. 

T«ragarhhill 

.«• 

*•• 

Ajmere              ... 

•.• 

•  .  . 

... 

84N.E. 

Ganespora 

.«• 

•  •t 

80  miles  south  of  Ajmere 

■  •• 

.•• 

... 

84N.B. 

Indaw&i 
Oadha 

••• 
•  » 

•  •• 

j  Thana  Qhaxi,  Ulwar 

Ibon. 

•  •• 

•  a. 

... 

60 

Bhangarh 

••• 

•  •• 

j  Ulwar 

••• 

•  ■a 

... 

60 

Bijgarh 

.•• 

■  •• 

Karwar 

••• 

•  •• 

Hindaun,  Jeypore 

..a 

..a 

... 

60 

Ajmere 

••• 

•  •t 

Near  the  Jail    ... 

•  •• 

•  aa 

.aa 

84N.E. 

9 

Gang&r 

••■ 

•  •• 

Oodeypore 

•  a. 

•  •• 

■a. 

85S.B. 

Bhairompara 

••• 

•  •« 

Boondee 

••• 

•«• 

..a 

84  a& 

NiOKSL  AND  Cobalt. 

Bhangarb 

.»• 

•  •• 

Ulwar 

.*• 

aa. 

•  •a 

60 

Babai 

*•• 

•  .  • 

Shaikhawiti,  Jeypore 

■a. 

••« 

••• 

60 

J&war 


Zing. 


...     Oodeypore. 


Motidongri  ridge  ..• 


RUTILB. 
.,.     Near  Ulwar 


aaa         60 


Sohna 


Plumbago. 


...     Gurgaon 


...       flflF 


Gold. 


Sohna 


...     Gurgaon 


49 
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Eaolik. 


AtlMibeet 

No. 

Kuuumparft 

••« 

•  •■ 

South  of  Delhi  ... 

•■■ 

t(* 

49 

Bachin 

••• 

•  •• 

Ulwar  hills        •••               ••• 

Gabnsts. 

••• 

••« 

50 

• 

Sarwfr 

••• 

•  •• 

90  mSlei  wmth-east  of  Nmseerabad 

••• 

« •  • 

84  N.E. 

BijmahiX 

••• 

•  •• 

Jeypore             ••• 

••• 

•  •  • 

34N.fi. 

HeJA 

••• 

•  •• 

Oodoyporo         •••               ••• 

Bock  Cbtstal. 

••• 

■•• 

84  8.E. 

Aonmgpiir 

••• 

•  •• 

16  milet  wrath  of  Delhi 

Mabbli. 

•t* 

••• 

49 

IffakiaiiA 

••• 

•  •• 

Jodhpore          «■•               ..» 

••■ 

••• 

88S.E. 

Jheri 

!•• 

•  •• 

Ulwar 

••• 

!•• 

50 

Rahdo  (RuwaU) 

•  •• 

1 1  • 

JejpoTo             •••                ••• 

••• 

•  •• 

60 

Swrangwa 

•  •• 

•  •  t 

6  miles  west  of  Desori,  Oodeypore 

Steatitb. 

••• 

•  •• 

84  8.W. 

M6n,Bhand£ri 

tat 

•  •• 

About  12  miles  north  of  Hlndaon, 

Jeypore 

t«t 

84  aw. 

The  most  eztensiye  of  these  mines  are  those  of  Elhetri  and  SingHana  in 
Sliaikbaw&ti,  Daribo  in  Ulwar,  and  the  lead  mine  at  the  base  of  the  T&ragarh 
hill  near  Ajmere.     The  rest  are,  comparativelj,  very  small. 

Copper. — ^That  the  old  workings,  both  at  Khetri  and  Singhana,  were  veiy 
eztensiye,  and  the  quantity  of  ore  raised  considerable,  is  shown  from  the  large 
and  numerous  heaps  of  slags  resulting  from  the  smelting  of  the  copper  ore.  The 
hill  on  which  the  Singhana  fort  is  built  is  formed,  in  a  great  part,  of  these  slags. 

The  abandonment  of  the  mines  is  attributed  to  the  partial  &ilure  of  the  ore 
in  depth  and  to  the  increased  cost  of  working,  and  as  the  Jeypore  Durbar  would 
not  reduce  the  royalties,  the  miners  abandoned  the  mines  and  left  the  country. 
At  present  a  few  men  make  a  living  by  picking  out  some  stones  of  ore  left  in 
the  old  workings ;  and  a  number  of  people  are  engaged  in  the  manufacture  of 
Lila  (blue  yitriol),  Pitkhera  (alum),  and  Kasis  (copperas). 

The  Khetri  mines  are  situated  a  short  distance  north  of  the  fort  near  the 
crest  of  a  ridge  of  slates  about  500  feet  above  the  level  of  the  plain.  The  mine 
is  entered  by  several  shafts  of  considerable  depth,  and  which  lead  down  to  a 
gallery,  said  to  be  upwards  of  2  miles  in  length.  The  direction  of  the  level,  as 
pointed  out  to  me,  appeared  to  be  parallel  to  the  strike  of  the  slates.  The  ore 
now  brought  up  from  the  old  workings  is  copper  pyrites ;  it  ooours  in  small  strings, 
and  disseminated  through  the  slates. 

The  Singhara  mine  is  about  6  miles  north  of  Khetri.  It  is  entered  by  a  wide 
gallery  driven  into  a  ridge  of  quartzite,  in  the  same  direction  as  the  strike  of 
the  rocks,  and  near  the  top  of  the  ridge  several  hundred  feet  above  the  level  of 
the  plain.     This  gallery  is,  in  places,  40  to  50  yards  wide  and  of  a  considerable 
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height.  Its  oourse  into  the  hill  is  very  irx^egular ;  the  descent  for  the  first  hundred 
yards  is  slight ;  beyond  this  the  gradient  becomes  steep,  not  less  than  60° ;  judging 
from  the  extent  of  the  excavation,  a  rich  pocket  of  ore  must  have  been  met 
with.  At  this  point  three  separate  gallmes  extend  into  the  hill  somewhat 
obliqne  to  each  other. 

Beyond  the  extent  of  the  excavations  very  little  is  to  be  seen  in  these  galleries, 
as  hardly  a  spec  of  copper  has  been  left  by  the  old  miners,  and  the  ends  are 
choked  np  by  fallen  debris  or  filled  with  water. 

My  guide  through  the  mine  had  formerly  leased  it;  and  he  acknowledged  that 
the  mine  was  abandoned  from  the  &ilure  of  the  ore  in  depth.  But  it  is  possible 
that  in  continuing  the  level  southwards  other  pockets  of  ore  would  be  met  with. 
The  mine  is  in  a  line  with  the  Khelxi  mine,  and  it  seems  probable  that  many 
pockets  of  ore  would  be  found  if  the  intervening  ground  were  explored. 

Some  time  since,  report  says  about  a  hundred  years  ago,  the  roof  of  the  gallery 
for  about  100  yards  from  the  mouth  fell  in,  and  a  vertical  face  of  the  quartzites  has 
been  left  standing  in  which  numerous  thin  strings  and  nests  of  ore  are  exposed. 

I  was  told  that  this  was  the  mode  of  occurrence  of  the  ore  in  the  mine.  la 
the  bottom  of  the  gallery  only  a  few  traces  of  copper  are  to  be  seen,  thus  showing 
that  these  strings  or  small  veins  did  not  extend,  at  this  place,  to  any  depth 
through  the  quartzites. 

Considerable  quantities  of  blue  vitriol  (sulphate  of  copper),  alum,  and 
copperas  (sulphate  of  iron),  are  now  manu&ctured  both  at  Khetri  and  Singhana 
from  the  decomposed  slates  and  the  refuse  of  the  mines.  The  slates  are  steeped 
in  water,  which  is  afterwards  evaporated  in  large  iron  vessels,  when  the  blue 
vitriol  is  first  crystallized  out,  afterwards  the  alum  and  lastly  the  copperas. 
Mr.  Mallet  found  traces  of  nickel  and  cobalt  in  all  three  of  these  substances. 


The  blue  vitriol  is  sold  for 

•  •  • 

f  •■ 

Rs.  14  per  uumnd. 

f,    alam                „ 

••■ 

••* 

»      4 

„    copperas           „ 

•.« 

... 

Re.    1 

The  Babai  workings  are  in  a  line  with  these  two  mines  and  on  the  same  band 
of  slates,  about  8  miles  south  of  Khetri.  The  workings  consist  of  a  few  pits 
sunk  in  the  hill  side.  A  little  copper  is  found  disseminated  through  the  slates^ 
but  I  believe  the  pits  are  principally  worked  for  Saita,  or  ore  of  cobalt^  of  which 
mention  will  presently  be  made. 

The  next  mine  of  importance  is  that  of  Daribo,  near  Kho,  in  the  TJlwar  terri- 
tory. The  mine  is  situated  in  a  sharp  anticlinal  bend  in  slates  and  quartzites. 
An  adit  level  is  driven  into  the  hill  through  the  slates  in  a  southerly  direction 
parallel  to  the  strike  of  the  rocks.  I  could  see  no  trace  of  a  lode ;  the  ore  appears 
to  be  irregularly  disseminated  through  the  black  slates,  a  few  specs  and  stains 
only  beisg  seen  in  the  quartzites.  Where  richer  nests  of  the  ore  were  met  with, 
the  miners  have  extended  their  workings  a  short  distance  above  and  below  the 
level.  The  miners  declare  that  a  rich  nest  of  ore  occurs  in  a  pit  sunk  below 
the  level  near  its  southern  extremity,  but  it  had  to  bo  abandoned  on  account 
of  the  water. 
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The  present  drift  was,  I  belieye,  began  ander  the  instruotions  of  Captain 
Tmpey,  formerly  Political  Agent  at  Ulwar,  to  di*ain  the  pits  sunk  by  the  natives 
in  the  hill  side. 

The  copper  occurs  in  the  form  of  copper  pyrites,  mixed  with  arsenical  iron. 
The  mi^e  is  now  nearly  abandoned  and  but  little  ore  is  to  be  seen.  I  had  some 
difficulty  in  finding  a  bit  the  size  of  a  hazel  nut. 

Blue  vitriol,  alum,  and  copperas  are  manufactured  at  the  mine. 

I  found  traces  of  copper  in  some  slates  on  the  same  geological  horizon  in  the 
ridge  a  short  distance  west  of  Daribo. 

The  Bhangarh  workings  consist  of  two  or  three  small  pits  now  fallen  together. 
The  workings  of  Kushalgarh,  Baghani,  and  Part&bgarii  have  been  abandoned  for 
many  years.  The  natives  say  that  at  the  two  latter  places  the  workings  were 
yery  extensive,  and  that  the  mine  fell  together  suddenly,  buiying  a  large  number 
oi  men. 

A  few  small  pits  have  been  sunk  in  the  qnartzites*  west  of  Nabaro  and  west 
of  Udhala,  both  near  Sainthal  in  the  Jeypore  territory,  from  which  a  little  copper 
ore  may  have  been  extracted,  as  the  debris  on  the  surface  is  stained  with  copper. 

N'ear  Lalsot,  in  Jeypore  territory,  a  small  hole  has  been  made  in  the  face  of 
the  scarp,  and  the  stones  about  are  stained  with  copper.  At  Gurh,  about  15  miles 
north-east  of  the  aboTC,  a  pit  has  been  sunk  to  the  depth  lOf  about  20  or  30  feet. 
There  were  traces  of  copper  round  the  mouth  of  the  pit.  In  both  these  cases, 
although  the  rocks  surrounding  the  pits  were  bare  and  unbroken,  I  could  find 
no  trace  of  a  vein  or  even  of  copper  in  any  direction  a  yard  from  the  pit's 
mouth. 

At  Nithahar,  in  the  Bhurtpore  territory,  a  short  level  has  been  driven  into 
the  hill  and  a  small  quantity  of  copper  raised. 

A  small  pit  has  been  sunk  in  the  quortzites  about  2  miles  east  of  Datunda  in 
the  Boondee  territory.  The  stones  are  stained  with  copper,  but  I  should  not 
think  sufficient  was  raised  to  pay  the  costs  of  the  pit. 

At  Bewara,  near  Gungapur,  in  Oodeypore,  a  number  of  small  pits  are  sunk 
in  the  schists  in  a  north  and  south  line  for  nearly  a  mile  in  length.  These  pits 
have  all  fallen  together,  or  are  filled  with  water.  The  copper  appears  to  have 
been  smelted  on  the  spot,  but  judging  from  the  small  quantity  of  slags,  no  yery 
large  amount  of  ore  was  raised. 

I  observed  traces  of  copper  in  the  old  iron  workings  near  the  jail  at  Ajmere, 
also  at  Tasing  in  the  Mandan  hills,  and  at  Jasingpura  near  the  railway,  both  in 
the  XJlwar  territory. 

Captain  C.  J.  Dixon,  in  a  report  dated  8th  May  1835,  published  in  the  Jour- 
nal of  the  Asiatic  Society,  Vol.  lY,  page  583,  mentions  the  occurrence  of  copper 
ore  at  three  localities  near  Ajmere,  vu.,  at  Gugra,  4  miles  north-north-east  of 
Ajmere,  B&jgarh,  12  mUes  south-south-west  of  this,  and  at  Bajauri,  10  miles 
south  of  Ajmere. 

Qalena.'^Th.e  only  lead  mine  of  any  importance  occurs  at  the  base  of  the 
T&ragarh  hill  near  Ajmere.  Formerly  these  mines  produced  large  quantities  of 
lead,  although  there  appears  to  be  some  discrepancy  in  the  accounts  as  to  the 
amount.     Thus,  Captain  C.  J.  Dixon,  in  a  paper  (**  Some  account  of  the  lead 
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mines  of  Ajmere")  published  in  1831  in  Gleanings  in  Science,  Vol.,  Ill,  page  111, 
states :  **  The  prodnoe  of  the  mines  has  hitherto  been  very  limited.  The  annual 
quantity  of  metal  sinelted  averages  about  850  cwt. ;"  while  it  is  stated  in  the 
Ajmere  Ocusetteer :  "  Mr.  Wilder,  the  first  Superintendent  of  Ajmere  (in  1818), 
took  the  mines  under  direct  management,  and  they  produced  annually  from  10,000 
to  12,000  maunds  of  lead,  which  was  sold  at  Bs.  11  per  maund. 

'*  The  Ajmere  magazine  was  the  chief  customer,  and  on  its  ceasing  to  take 
metal  in  1846  the  mines  were  closed." 

The  mines  consist  of  a  number  of  pits  sunk  in  a  line  several  hundred  yards 
long,  extending  from  the  hill  to  near  the  walls  of  the  ciiy.  The  ore  occurs  in  a 
number  of  small  roughly  paraUel  veins  running  through  a  quartzite  in  nearly 
the  same  direction  as  the  strike  of  the  rocks.  An  adit  level  has  also  been  driven 
into  the  hill,  at  a  lower  level,  to  drain  these  pits. 

A  small  quantity  of  lead  ore  has  been  extracted  from  a  pit  sunk  near  Ghme^- 
pura,  about  30  miles  south  of  Ajmere. 

Some  old  lead  workings  occur  at  Indawas  and  Gudha,  in  Thana  Ghazi,  in  the 
Ulwar  territory.  The  former  consists  in  a  long  open  cutting  from  20  to  30  feet 
deep,  from  which,  apparently,  a  considerable  quantity  of  ore  has  been  raised. 
The  workings  are  now  filled  with  water.  At  the  latter  place  a  small  pocket  of 
ore  was  recently  discovered,  but  which  on  being  worked  was  found  to  die  out 
in  every  direction. 

Iron  and  Manganese. — ^Iron  ore  occurs  in  several  localities,  and  some  of  the 
mines  have  been  and  are  still  extensively  worked. 

The  mines  of  Bhangarh  in  Ulwar  still  produce  large  quantities  of  ore.  These 
are  now  the  only  source  of  iron  for  the  numerous  fomaces  in  the  Ulwar  terri- 
tory. The  ore  is  a  mixture  of  limonite,  'magnetite,  and  oxide  of  manganese, 
containing  59'67  per  cent,  of  iron  and  12*7  of  manganese  (Mr.  Mallet's 
analysis). 

The  old  and  extensive  mines  near  Bajgarh  in  Ulwar  are  not  now  worked. 

Large  quantities  of  a  superior  iron  ore  have  been  raised  at  Karwar,  near 
Hindaun,  but  the  workings  are  now  abandoned,  probably  from  the  scarcity  of  fnel. 

There  are  some  old  iron  workings  near  the  jail  at  Ajmere,  but  the  produce 
must  have  been  very  small. 

Iron  ore  is  now  worked  to  some  extent  near  Gangar,  in  Oodeypore,  and  near 
Bhairompura,  in  Boondee. 

Nickel  and  OohaU. — ^Traces  of  nickel  have  been  found  in  some  of  the  iron  ores 
'  from  Bhangarh,  but  the  pit  from  which  the  ore  wan  taken  has  fallen  together. 

An  ore  of  cobalt  called  saita  (or  sekta)  is  found  in  the  slate  hills  near  Babai 
in  fine  strings,  and  sparsely  disseminated  through  the  slates,  with  pyrrhotite 
(magnetic  iron  pyrites)  and  copper  pyrites.  It  is  described  in  mineralogical 
works  as  Syepoorite  (probably  a  mistake  for  Jyepoorite),  sulphuret  of  cobalt 
(sulphur  36*36,  cobalt  64*  64).  The  ore  is  used  for  colouring  enamels,  bangles, 
ic.,  of  a  blue  colour. 

Zinc. — Large  quantities  are  said  to  have  been  obtained  from  Jawar,  in  Oodey- 
pore, but  as  yet  my  examination  of  the  country  has  not  extended  so  far  south 
as  this. 
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J2if^»7d.— Bntdle  (titanic  acid)  exists  in  small  quantities  in  some  little  quartz 
veins  in  the  Motidongri  ridge  a  short  distance  south  of  XJlwar. 

Plumbago. — At  the  back  of  the  town  of  Sohna,  in  the  Gurgaon  di^trict^  a 
thin  irregular  hand  of  schists  occurs  in  quartzites.  From  these  schists  some 
specimens  of  plumbago  have  been  taken.  There  are  no  traces  of  any  excavations 
ever  having  been  made,  except  a  very  small  pit,  which  could  not  have  been  many 
feet  deep.  Anything  that  I  could  see  was  exceedingly  poor,  and  hardly  deserved 
the  name  of  plumbago,  and  I  doubt  if  any  much  richer  was  ever  taken  from 
this  locality.  A  specimen  sent  to  me  by  the  Depniy  Commissioner  was  as  poor 
as  those  I  picked  up. 

Oold. — ^When  examining  these  schists,  the  Sohna  Lnmbadir  told  me  that 
after  every  rains  small  quantities  of  gold  were  extracted  from  the  sand,  mud,  &o.f 
of  the  little  water-conrses  at  the  bottom  of  the  hill.  I  questioned  the  Chumdrs  of 
the  town,  who  told  me  that  it  was  true  thair  they  made  a  few  rupees  every  year  in 
this  way,  and  that  the  heavier  tlie  rains,  the  larger  the  amount  of  gold.  Last 
year,  for  instance  (1877),  as  the  rains  were  so  sUght,  they  did  not  get  any,  or  did 
not  think  it  worth  while  looking  for. 

The  only  rocks  exposed  in  the  gully  are  the  quartzites  and  the  schists.  As 
it  is  not  probable  that  the  gold  would  be  washed  out  of  the  hard  quartzites,  it 
must»  I  presume,  come  from  the  schists. 

Kaolin. — ^The  kaolin  mines  are  situated  at  Kussoompur,  and  a  short  distance 
to  south,  in  the  Delhi  hills,  a  few  miles  north  of  the  Kutub  Min&r.  There  is  only 
one  mine  now  worked,  and  that,  unfortunately,  had  not  yet  been  opened  for  the 
season,  so  that  I  could  only  judge  from  surface  appearances. 

There  are  few  small  pits  sunk  in  a  hollow  entirely  surrounded  by  quartzites. 
The  stuff  brought  out  of  the  pits  resembles,  in  every  particular,  components 
of  the  numerous  granite  dykes  in  the  Arvali  series,  only  the  felspar  in  this  case 
is  decomposed.  The  plates  of  mica  and  crystals  of  quartz  are  mixed  up  with 
the  kaolin  in  exactly  the  same  way  as  they  are  with  the  white  felspar  in  the 
granite  veins. 

This  decomposed  rock  is  thrown  into  water,  when  the  mica  and  quartz  are 
separated  from  the  kaolin,  and  the  latter  made  into  small  cakes  and  used  for 
white- washing  purposes,  and  as  fire-clay. 

Another  kaolin  mine  occurs  at  Buchara,  near  the  Lota  river,  in  the  XJlwar 
hills.  There  are  numerous  granitic  veins  near,  and  of  course  this  kaolin  is 
the  result  of  the  decomposition  of  the  granite. 

Oameis. — The  Arvali  schists  frequently  contain  innumerable  garnets,  but  it 
is  not  often  that  they  are  of  sufficient  size  to  be  worth  picking  up.     There  are 
however,  extensive  workings  for  them  at  Sarwar,  20  miles  south-east  of  Nusseera- 
bad,  at  B&jmahiU  in  Jeypore,  and  at  Maga  in  Oodeypore. 

The  Sarwar  workings  consist  of  a  number  of  pits  sunk  in  a  narrow  belt  of 
mica  schists,  in  which  numerous  granitic  intrusions  occur.  The  whole  length 
(upwards  of  a  mile)  of  the  outcrop  of  the  schists  is  burrowed  in  search  of  the 
garnets.  Those  I  saw  from  the  mine  were  of  good  colour  and  size,  but  badly 
cut. 
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The  workings  at  B&jmah61  and  Maga  are  not  quite  so  extensive ;  but  they 
occur  on  the  same  geological  horizon  and  were  conducted  in  the  same  manner. 

All  of  these  workings  are  now  abandoned. 

Bock  cryf^aL— Bock  ciystals  were  formerly  obtained  from  some  small  piis 
sunk  in  the  quartzites  at  Aurangpur,  about  15  miles  south  of  Delhi.  The  pits 
are  now  abandoned  and  &llen  together,  but  the  small  crystals  of  quartz  spread 
about  round  the  pit  are  veiy  numerous.  Probably  the  rock  crystal  was  obtained 
from  some  quartz  vein  running  through  the  quartzites. 

ilfar&2e.— Marble  is  of  frequent  occnrrenoe  among  the  Arvali  rookSy  and  is 
extensively  quarried  in  several  places.  It  is  generally  white,  bat  coloured  marbles 
we  ooeasionally  met  with,  as  at  EZho  and  Baldeogarh,  and  black  marble  is  found 
in  the  Motidongri  ridge  in  Ulwar. 

The  most  extensive  quarries  are  those  of  Makr&na^  sitn&t^  on  the  western 
edge  of  the  Arvali  range  in  Jodhpore.  The  marble  forms  a  long  ridge  running^ 
nearly  north  and  south.  It  is  nearly  vertical  and  regularly  bedded ;  and  some 
of  the  beds  being  upwards  of  2  feet  in  thickness,  large  blocks  can  be  obtained. 
The  quarries  are  confined  to  about  20  feet  of  the  section,  but  extend  in  length 
for  several  hundred  yards. 

Marble  is  also  extensively  quarried  at  Jheri,  in  Ulwar,  and  Baialo,  in  Jejpore. 

A  coarse  kind  of  marble  is  quarried  at  Sarangwa,  about  6  miles  west  of 
Pesuri,  on  the  western  side  of  the  Arvali  range,  in  Oodeypore. 

fi^a^t^.-^The  steatite  or  soap-stone  of  which  the  models  of  the  Taj  and 
other  ornamental  carvings  are  made  at  Delhi  and  Agra  is,  I  believe,  quarried 
in  the  ridge  at  Mora  Bhand&ri,  about  12  nailes  north-iM6st  of  Hindaun,  in 
Jeypore. 


FURTHBK    NOTBS    OH    TBB    OOBBELATION    OF    THB   OoNDwInA  FlOBA  WITH  THAT  OF 
THI     AUSTRALUN    GOAIrBKABINQ     8TSTBM,     hy     OtTOKAR     FfilSTMANTEl.,     M.D., 

PalceontologUt,  Oeologieal  Survey  of  India* 

In  my  Talchir-Karharbari  flora  ^  I  had  an  opportuniiy  to  point  to  the 
greater  resemblance  of  this  flora  to  that  in  the  Bacchus-marsh  beds  in  Victoria^ 
than  to  that  of  the  New-castle  beds,  from  the  great  abundance  of  the  genus 
Oangamopteris  in  both,  and  I  quoted  a  passage  from  a  letter  of  Mr.  C.  S. 
Wilkinson,  Government  Geologist,  to  the  late  Bev.  W.  B.  Clarke,  which  tho 
latter  had  sent  me  for  perusal,  and  from  which  it  was  apparent  that  Mr.  Wilkin- 
son assigned  to  o]ur  coal  flora  a  higher  position  than  that  of  the  New-castle 
'  beds  and  lower  coal-measure  flora.  In  my  notes  to  Mr.  Clarke,  which  he  published 
in  his  *^  Bemarks  on  the  sedimentary  formations  of  New  South  Wales,"*  I  assigned 

I  FrO.  Ind.,  XII->  1,  p.  81, 1879. 

>  Sydney,  1878,  4th  edition,  pp.  163—164. 


PAB^r  4.]  Feistnumtet:  Correlation  (if  the  Gondwdna  Kara,  261 

to  the  Bacohtid-ifiarsli  sandstones  a  poBition  wKich  wotdd  bring  them  on  about 
the  hofiSBon  of  the  Hawkesbaty  beds  in  New  South  Wales.  This  seemed  natural,  as 
the  Bacchus-mamh  sandstones  are  considered  as  Lower  Mesoaoio,  ^  and  the  Hawkes* 
bnry  beds  overlying  the  upper  coal-measures  or  New-castle  beds  were  treated  of 
by  the  late  Bey.  W.  B.  Clarke  under  the  heading  '^Mesosoio  or  secondary 
formations."* 

I  hare  since  received  several  communications  from  Mr.  C.  S.  Wilkinson  on 
his  observations  of  certain  physical  phenomena  in  the  Hawkesbuiy  beds,  which 
would  tend  further  to  correlate  these  beds  with  the  Bacchus-marsh  sandstones^ 
in  which  similar  phenomena  were  observed.  As  Mr.  Wilkinson  has  lately 
pnbKshed  these  observations  in  a  paper  in  the  Journal  of  the  Boyal  Society  of 
New  South  Wales  (December  1879),  and  has  favoured  me  with  a  copy  of  the 
same  accompanied  by  a  letter,  in  which  again  refet«nce  is  made  to  Hie  Hawkes- 
bury  bedsi  I  may,  besides  from  this  paper,  quote  also  from  his  previous  letters. 

In  a  letter  dated  30th  September  1878,  Mr.  Wilkinson  wrote  thus  :-^"  I  have 
noticed  certain  deposits  in  the  Hawkesbuiy  series,  apparently  due  to  ice  qjAwr^ 
which  would  seem  to  confirm  your  view  as  to  the  correlation  of  that  series  and 
the  Bacchus-marsh  beds  (in  which  Daintree  has  described  the  occurrence  of 
glacial  deposits)  with  your  Talchirs.  Yet  it  is  strange  that  in  the  Hawkesbnry 
beds  we  have  not  found  the  Oangamopterisy  which  is  so  abundant  in  the 
Bacchus-marsh  and  Talchir  series." 

The  absence  of  Oangamopterts  would  in  this  case  be  no  objection  against  a 
correlation  of  the  Bacchus-marsh  beds  and  Qawkesbury  beds,  because  the  c<»r* 
relation  of  the  Indian  Talchirs  with  the  Ekka  beds  in  South  Africa  and  with  the 
Permian  Breccia  in  England  is  also  based  upon  these  similar  physicid  phenomena 
only. 

In  a  subsequent  letter  dated  2v5th. October  187d,  Mr.  Wilkinson  wrote  again 
thus :— ^"  Becentiy  in  company  with  Dr.  von  Haast,  F.E.S.,  of  New  Zealand^ 
I  again  examined  the  Hawkesbury  beds,  and  the  Doctor  quite  coincides  wiiAk  ih» 
views  which  I  mentioned  to  yon  in  a  former  letter,  that  these  beds  contain  many 
ice-borne  boulders." 

In  his  recent  letter  dated  20th  July  of  this  year,  he  again  writes  with  lefetence 
to  the  Hawkesbury  beds : — "  Your  correlation  of  the  Hawkesbary  beds  with  the 
Bacchus-marsh  beds  is,  I  think,  correct^  yet  it  is  very  strange  tibat  in  the  fokmer 
we  do  not  find  the  Qangamop^erU,  This,  however,  may  be  due  to  the  fact 
that  in  Victoria  the  Oangamopteria  has  only  been  found  near  tiie  ancient  ma^^in 
or  shore-line  of  the  formation  where  the  latter  junctions  witii  the  Silurian^ 
whereas  our  Hawkesbuiy  fossils  were  obtained  from  beds  many  miles  fronk  ihe 
margin  of  the  formation,  so  that  the  Oangafnopteria  may  yet  be  found  when 
searched  for  near  the  margin." 

>  McCoy :  Ptodr.  Pal.  Vibioria,  Decade  II  (Otn^f€mopieri$)»  Brough  Smytii :  Report  of  Pro- 
gress, etc.,  1874,  p.  34. 

'  Mines  and  Mineral  Statistics,  etc.,  1875>  p.  181  et  seq. 
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From  his  published  note  ({.  e.)  the  following  passages  may  be  quoted 
(pages  2  and  3^). — "  Had  tbe  boulders  of  soft  sluJe  been  deposited  in  their  present 
position  by  running-water  alone,  their  form  would  have  been  rounded  instead  of 
angular.  It  would  appear  that  the  shale  beds  must  have  been  partly  disturbed 
by  some  such  agency  as  that  of  moving  ice,  the  displaced  fragments  of  shale 
becoming  commingled  with  the  sand,  and  rolled  pebbles  carried  along  by  the 
currents. 

"  From  their  lithological  character,  the  Hawkesbuxy  rocks  appear  to  have 
been  formed  in  a  comparatively  shaUow  sea  which  was  subject  to  rapid  and 

changing  currents it  is  on  the  rocks  near  the  ancient  shore  line  that 

we  should  more  especially  expect  to  find  ice-grooved  pebbles,  but  none  have  yet 
been  discovered. 

"  I  may  here  remark  that  the  sandstones  and  conglomerates  {Oangamopierii 
heda)  of  Bacchus-marsh,  in  Victoria,  have  been  correlated  by  Dr.  Feistmantel 
with  the  Hawkesbury  series  of  New  South  Wales.  Some  years  ago  I  assisted 
the  late  Mr.  Richard  Daintree  in  making  a  geological  survey  of  the  district  in 
which  these  conglomerates  occur,  and  both  Mr.  Daintree  and  Mr.  A.  B.  G. 
Selwyn,  F.B.S.,  then  Government  G-eologists,  in  their  published  reports  have 
expressed  their  belief  that  glacial  transport  had  been  concerned  in  the  deposition 
of  these  rocks." 

From  all  these  notes  it  appears  evident  that  there  are  in  the  Bacchus-marsh 
beds  and  the  Hawkesbury  rocks  certain  physical  phenomena  by  which  these 
two  formations  may  be  correlated :  and  in  the  4th  edition  of  his  Remarks  on  the 
sedimentary  formations,  <&c.,'  Mr.  Clarke  again  treats  of  the  Hawkesbury  beds 
under  the  heading  of  "  Mesozoio  or  secondary  formation ;"  and  in  another  place 
(L  c,  p.  155,  Appendix  XYIII)  as  supracarboniferous.  As  regards  their  geologi* 
cal  position,  it  may  be  mentioned  that  they  overlie  the  "upper  coal-measures" 
or  ''New-castle  beds'*  which  represent  the  dose  of  the  palsBOZoio  rocks  in 
Australia. 

This  correlation  of  the  Bacchus-marsh  beds  and  Hawkesbury  rocks  is  of  no 
small  importance  with  regard  to  our  Indian  coal  flora ;  for,  as  mentioned  before, 
the  Talchir-Karharb&ri  beds  show  the  closest  relation  to  the  Bacchus-marsh 
beds,  not  only  from  a  palasontological  point  of  view  (predominance  of  Qanga^ 
mopteria),  but  further  also  from  the  phenomenon  of  "ice-borne"  boulders  in  the 
Talchir  and  the  Bacchus-marsh  beds ;  and  consequently  the  Hawkesbuiy  beds 
would  have  to  be  placed  also  on  the  same  horizon.  This  would  have  the 
necessary  consequence  that  the  flora  of  the  Damuda  series  and  that  of  the 
Australian  coal-beds  would  differ  in  range,  the  former  being  above  the  Talchirs, 
the  latter  below  the  Hawkesbury  beds.  The  case  might  be  illustrated  thus  (also 
including  the  South  African  formations)  : — 

1  This  refers  to  the  pages  of  the  ahstract,  the  volume  of  the  Joornal  of  the  Royal  Society* 
N.  S.  W.  (Vol.  XIII,  1879)  in  which  this  note  is  puhlished  not  heing  yet  at  hand. 
•  Sydney,  1878,  p.  70. 
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AUBTBALIA. 


South  AnaoA. 
Jurassic  beds. 


Karoo  beds 
{QlotMopteritt  fre- 
quent). 


Ekka  bed 
(Boulder  bed,  ice- 
action). 


Unconformity, 
break. 


.9 1 

i 


ISDXA. 

'  Upper  Gondw£nas 
{Olos9opi0ri9,  very 
rare). 

Panchets  and 
Damudas 

(filoMwpUriM  abundant 
in  the  latter). 


YlOTOBIA. 

Upper  mesozoic 
(BeUarine  beds). 


Nbw  Sottth  Wales. 

Mesozoic 
(Clarenoe  riyer). 


1 


Karharbiri  and 
Talchir    (Qlouopieru^ 

less;  QangamopUrii, 

predominant). 
(Talchir   boulder   bed, 

P  ice-action). 


^  Bacchns-marsh- 
beds. 
^  (OaiiffamopterU, 
abundant ; 
Boulder  bed, 
ice-action). 


Unconformity 
break. 


Unconformity 
break. 


Wianamatta  beds 
and 

Hawkesbury  rocks ; 


(Boulder  bed, 
ioe-action). 


Upper  cool  measures. 
(New-castle  beds ; 
Olossopt^rU,  abundant). 
Upper  marine  beds. 
Lower  coal-measures. 
{Qlouopteris,  first  ap- 
pearance). 
Lower  marine  beds. 


Devonian. 


Silurian, 

This  list  does  not  need  any  further  comment.  It  would  apx)ear  that  the 
unconformity  and  break,  which  exists  in  Africa,  India,  and  Victoria,  between 
the  Ekka  beds,  Talchir  beds,  and  Bacchus-marsb  beds  respectively,  and  their 
underlying  rocks,  is  in  New  South  Wales  filled  in  between  the  Hawkesbury 
rocks  and  the  Devonian  beds  by  the  series  of  the  Australian  coal-bearing  beds. 
If  this  surmise  be  correct,  then  an  older  age,  than  carboniferous,  for  the 
Vindhyans  of  India^  would  be  an  almost  necessary  consequence. 


NoTB  ON  Bbh  or  Alkali  Soils  and  Salinb  Well  watbbs,  by  W.  Cbntbb,  M.B., 

Ohemical  Examiner,  Punjab  Qovemment. 

A  reference  was  made  to  this  office  by  Qovemment  regarding  the  treatment 
of  reh  or  saline  soils  by  chemical  manures.  My  predecessor,  Dr.  Brown,  had 
written  a  report  regarding  the  use  of  nitrate  of  lime  as  a  remedy,  and  a  copy  of 
this  was  asked  for.  It  could  not  be  found  in  the  records  of  the  office,  but  I  after- 
wards  found  that  it  had  been  published  in  the  Selections  from  the  Becords  of  the 
Office  of  the  Financial  Commissioner,  and  the  gist  of  it  was  embodied  in  Powell's 
book  on  Punjab  Products.  As  I  had  made  numerous  analyses  of  such  efflores- 
cences, and  studied  their  connection  with  saline  well  waters,  samples  of  which  I 
had  analysed  from  all  parta  of  the  Punjab,  and  as  I  had  an  opportunity  of  observ- 
ing  and  learning  something  of  similar  soils  known  as  alkali  soils  in  the  Utah 

E 
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Basin  and  other  parts  of  America,  and  of  the  methods  used  to  reclaim  them,  I 
beg  to  snbmit  a  few  notes  on  my  observations.  I  am  indebted  to  Captain  Ottlej, 
of  the  Irrigation  Department,  and  Mr.  Miller,  Secretaiy  to  the  Financial  Com- 
missioner, for  access  to  the  literature  on  the  subject  in  the  form  of  reports  to 
Government.  I  propose  considering  more  especially  the  chemistry  of  the  pro- 
duction of  those  salts  and  the  conditions  of  their  accumulation  in  soils  and  in  the 
undei^round  water, — points  intimately  connected  with  each  other,  and  equally 
important  in  the  agricultural  and  sanitary  aspects.  The  efflorescences  consist 
chiefly  of  sodium  chloride  and  sulphate  in  varying  proportions.  In  addition 
there  is  sometimes  carbonate  of  soda,  and  I  have  usually  found  some  magnesian 
sulphate.  In  certain  localities  the  last-named  salt  is  in  very  considerable  propor- 
tion.    In  other  cases  nitrate  of  lime  or  alkali  is  present. 

2.  Various  theories  have  been  started  regarding  the  origin  of  these  efflores- 

cences,  the  oldest  being  probably  the    marine   theory. 
^'  According  to  this  the  Indo-Gangetic  depression  was  con- 

sidered to  be  an  old  sea  bed,  the  soil  of  which  became  impregnated  with  salts 
from  the  existence  of  shallow  ''  rans "  and  lagoons  in  a  former  geological  age. 
In  favour  of  this  it  might  be  mentioned  that  there  is  certain  geological  evidence 
that  an  Eocene  sea  covered  the  Punjab  plain,  its  shore  coinciding  with  some 
part  of  the  outer  slope  of  the  Himalaya,  with  a  gulf  or  g^lfs  penetrating  the 
mountains  as  far  as  the  valley  of  the  Upper  Indus.  On  the  other  hand,  to  the 
east  of  Kumaun  and  to  the  north  of  the  Gimgetic  valley,  the  situation  of  this 
shore  line  is  obscured  till  the  Assam  region  is  reached.  The  theory  of  recent 
marine  impregnation  is  now  entirely  to  be  abandoned.  It  is  proved  beyond 
doubt  that  the  whole  of  the  materials  of  the  Indo-Gangetic  basin  are  fresh  water 
alluvia  to  an  unknown  depth,  and  consist  in  fact  of  the  debris  of  the  Himalayas 
carried  down  by  its  drainage  and  deposited  in  this  immense  depression.  There 
are  no  deep  natural  sections  in  which  to  observe  the  structure,  but  in  the  Umballa 
boring  of  701  feet,  the  Calcutta  boring  of  481  feet,  and  that  near  Bajanpur  of  464 
feet,  nothing  but  fresh- water  alluvia  were  met.  We  do  not  speak  here  of  the  Salt 
Bange  region,  in  which  are  accumulations  of  salt  as  old  as  the  Silurian  period. 

3.  The  true  origin  of  reh  or  alkali  efflorescence  is  the  decomposition  of  the 

__      .  .     «    1.  elements  of  rocks  and  soils  which  is  continuallv  soinfl:  on 

True  origin  of  reh.  j  &      o 

under  the  action  of  air  and  water.  The  accumulation  of 
the  resulting  salts  in  superficial  soils  or  in  subsoil  waters  depends  on  various  con- 
ditions of  chemical  constitutions  and  permeability  of  soils,  and  on  the  nature  of 
the  surface  and  subsoil  drainage,  which  will  be  considered  in  detail. 

4.  If  the  rain  water  that  runs  off  the  surface  of  the  hills  be  examined,  it  is 
Decompoeition  in  hill     found  to  have  washed  out  appreciable  amounts  of  soluble 

regions.  salts,  chiefly  carbonate  of  lime  and  alkaline  chloride  and 

sulphate.  If  such  water  runs  off  crystalline  or  schistose  rocks,  the  amount  of 
salts  washed  out  may  be  extremely  small, — even  2  grains  per  gallon,  aa  at 
Dalhousie.  If  it  runs  off  a  loose  decomposing  rock  the  quantity  may  be  consider- 
able,—for  example,  8  grains  near  Murree.  The  rainfall  that  percolates  the  debris 
of  the  decomposed  rock  which  covers  the  surface  of  the  hill-sides  and  fills  up  the 
channels  of  ravines  issues  in  springs  at  lower  IcvpIr.  and  is  T  '^nd  tocontr' 
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mncli  gpreater  proportions  of  the  same  salts.  This  water  not  only  comes  in  con- 
tact with  a  larger  quantity  of  degraded  rock  and  washes  ont  its  soluble  salts, 
but  it  takes  up  more  carbonic  acid  from  the  air  in  the  pores  of  the  ground,  which 
is  rich  in  this  gas,  and  this  dissolves  more  lime  and  magnesian  carbonate.  From 
10  to  25  grains  per  gallon  are  found  in  springs  in  clean  soils  in  various  hill 
stations.  In  the  hill  stations  themselves,  where  the  porous  subsoil  becomes 
loaded  with  sewage  impurity  from  human  habitation,  the  dissolved  salts  and 
organic  impuriiy  may  be  vezy  great.  For  example,  in  the  bazar  well  at  Murree 
I  found  35  grains  per  gallon  in  which  were  12  grains  of  common  salt.  This  last 
is,  however,  a  sanitary  &ct,  and  I  wish  at  present  to  speak  generally  of  the  saline 
ingredients  washed  out  of  such  soils  not  contaminated  by  human  occupation. 

5.  The  soluble  substances  produced  by  rock  decomposition  and  dissolved  by 
water  are  remarkably  uniform  in  their  nature,  though  varying  in  amounts,  both 
relative  and  total,  according  to  the  nature  of  the  decomposing  rock  or  soil.  It 
may  be  generally  stated  that  the  earth  water  shows  a  fugitive  acidity  from  the 
presence  of  free  carbonic  acid  and  a  slight  permanent  alkalinity  from  the  pre- 
sence of  alkaline  carbonate,  but  that  the  main  ingredients  are  carbonates  of  alka- 
line  earths,  chiefly  of  lime,  and  alkaline  chlorides  and  sulphates,  chiefly  of  soda. 
Other  ingredients  are  generally  in  smaller  amount,  such  as  lime  and  magnesian 
chlorides  or  sulphates  forming  the  permanent  hardness,  also  silica,  traces  of  iron, 
&c.  Of  course  in  special  formations  it  may  be  highly  charged  with  peculiar 
salts,  and  may  even  form  what  are  called  mineral  springs ;  but  we  are  speaking 
generally  of  the  body  of  water  that  filters  from  the  hill-sides,  and  either  sinks 
into  the  underground  strata  of  the  plains  or  finds  its  way  into  the  streams  and 
rivers,  and  thence  into  the  sea,  the  great  natural  reservoir  of  the  soluble  salts 
washed  out  of  the  earth.  The  waters  of  the  Punjab  rivers  which  I  hava 
examined,  the  Bavi,  Jhelum,  and  Indus,  contain  8  to  15  grains  per  gallon,  vary- 
ing according  to  tlie  floods.  The  amount  of  soluble  saJt  capable  of  effloresoence 
varies  from  about  2  to  4^  grains.  The  river  waters  are  most  concentrated 
when  they  are  at  the  lowest.  At  that  time  they  are  suppUed  by  the  water  that 
has  filtered  through  the  soil  and  subsoil  of  the  higher  regions,  and  has  thus  taken 
up  more  salts.  In  the  hot  weather,  when  the  glacial  water  comes  down,  and  in 
the  rain  floods  at  the  end  of  the  hot  season,  the  dilution  is  at  its  highest.  .  Other 
glacial  rivers  and  those  subject  to  annual  floods  show  the  same  thing.  For 
example,  the  total  solids  in  Nile  water  vary  from  9|  to  14|  grains  per  gallon. 

6.  To  explain  the  ultimate  origin  of  these  salts  we  have  to  consider  the  action 
Ultimate  origin  of  reh      of  the  oxygen  and  carbonic  acid  in  rain  water  on  the  rock 

■ftlta.  elements.     With  the  exception  of  the  limestone  strata, 

which  consist  of  carbonate  of  lime,  often  with  carbonate  of  magnesia,  all  great 
rock  formations  are  composed  of  silica  and  silicates,  chiefly  of  alumina,  lime, 
magnesia,  soda,  and  potash,  with  smaller  amounts  of  iron  and  other  metals.  Such 
is  the  constitution  of  the  granites,  gneisses,  slates,  traps,  &c.  The  old  sedimen- 
tary rocks  are  similar  in  composition,  being  formed  by  the  disintegration  of  these. 
The  recent  alluvia  of  the  plains  consist  of  finely-divided  debris  of  the  limestone 
and  silicious  groups,  and  in  them  the  chemical  decomposition  going  on  under  the 
influence  of  air  and  water  is  much  intensified,  owing  to  the  state  of  fine  division 
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-whicli  favours  chemical  actaon,  and  because  the   constituents  of  the  soil  are 
further  advanced  in  the  path  of  degradation. 

7.  In  order  to  understand  the  slow  chemistzy  going  on  in  the  ground,  we 
Origin  of  carbonate  of     have  to  conceive  the  outer  shell  of  the  earth  generally 
lime  alkaline  carbonate.       covered  with  more  or  lees  vegetable  mould,  and  permeated 
to  its  greatest  known  depth  by  meteoric  water.     There  is  no  rock,  however  com- 
pact, and  there  is  no  depth  to  which  man  has  penetrated,  in  which  water  is  not 
found  to  have  permeated  by  pores,  cracks,  or  fissures.    The  great  agent  of  change 
is  the  carbonic  acid  of  the  air.    This  is  dissolved  in  rain  water,  which  also  dis- 
solves more  from  the  decaying  vegetable  mould  and  from  the  air  in  the  pores  of 
the  ground,  which  is  rich  in  this  gas.     It  has  two  great  functions.    It  attacks 
the  silicates  of  the  alkalis  and  lime,  forming  carbonates.     It  further  dissolves  the 
carbonate  of  lime,  enabling  it  to  be  transported  by  water  and  to  be  redeposited 
on  evaporation.    From  tiie  limestone  rocks  the  water  takes  up  carbonate  of 
lime  and  magnesia,  which  dissolve  in  its  free  carbonic  add,  and  in  such  forma- 
tions it  becomes  very  hard.     The  amount  of  carbonate  of  magnesia  dissolved  is 
always  much  less  than  that  of  lime.     In  the  silicious  rocks  the  felspathic  family 
of  minerals  decomposes  most  readily.    These  consist  of  silicates  of  alumina  and 
alkali,  with  generally  small  quantities  of  lime  and  magnesia.     The  white  or  soda 
felspar,  which  contains  more  soda  than  potash,  is  a  common  ingredient  of  the 
Himalayan  rocks,  and  the  decomposition  of  this  in  soils  may  possibly  to  some 
extent  account  for  the  very  great  excess  of  soda  over  potash  salts.    The  chief 
reason,  however,  depends  on  the  fact  which  has  been  experimentally  verified,  that 
in  a  silicate  containing  both  potash  and  soda  the  latter  is  dissolved  out  with 
greater  facility  and  in  much  larger  quantity  than  the  f oimer.    The  process  of 
decomposition  consists  in  removal  of  the  alkali  by  the  action  of  carbonic  acid, 
while  water  is  taken  up,  leaving  hydrous  silicate  of  alumina  or  clay.    The  pre- 
sence of  alkaline  water  also  assists  in  promoting  the  breaking  up  by  dissolving 
some  silica.     Another  group,  the  lime  silicates,  is  also  readily  decomposed  by  the 
action  of  carbonic  acid  or  alkaline  carbonate,  and  forms  an  additional  source  of 
carbonate  of  lime.     On  the  other  hand,  the  talcose  rocks,  which  contain  magne- 
sian  silicate,  are  hardly  attacked  at  all.     This   magnesian   metamorphosis  of 
rock,  which  is  very  extensive  and  very  ancient,  is  also  the  most  permanent^  and 
apparentiy  a  final  one.     We  have  thus  accounted  for  the  alkaline  carbonate 
and  carbonate  of  lime.     The  earth  water  is  almost  always  slightiy  alkaline, 
and  this  plays  a  most  important  part  in  the  decomposition  of  the  silicious 
rocks  and  their  metamorphosis.     The  alkaline  carbonate  rarely,  however,  appears 
in  large  amount,  because  it  partiy  expends  itself  in  decomposing  silicate  of 
lime,  tiius  forming  carbonate  of  lime,  and  if  free  carbonic  acid  is  present,  this 
will  be  dissolved  and  carried  away  by  the  water.     If  magnesian  or  lime  sulphate 
be  present,  the  carbonate  of  soda  with  these  will  produce  lime  or  magnesian 
carbonate ;  while  sulphate  of  soda  will  be  found  in  the  solution.    It  thus  happens 
that  the  waters  of  the  rivers  contain  apparentiy  no  alkaline  carbonate,  but  show 
a  permanent  neutral  re-action.     All  the  river  waters,  in  addition  to  carbonate  of 
lime,  which  is  their  chief  ingredient,  contain  also  lime  and  magnesian  sulphates 
which  there  has  not  been  enough  alkaline  carbonate  to  decompose. 
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8.  The  oircnlation  of  the  salphnr  that  ooonrs  in  tlie  earth  is  very  interesting. 
.  That  which  forms  the  sulphates  in  the  earth-water  ap- 

^^^^         ^  pears  to  be  derived  from  the  snlphureis,  especially  of 

iron,  which  are  so  nniversaUy  diffused  in  rooks,  and  from  the  gypsum  rooks, 
whiofa,  however,  form  an  insignificant  portion  of  the  strata.  The  sulphate  of 
lime  being  moderately  soluble  may  be  readily  taken  up  by  water.  The  sul- 
phurets  become  oxidised  by  the  oxygen  in  air  or  water,  leaving  red  iron  oxide, 
which  gives  the  yellow  or  red  colour  to  soils  and  days ;  while  the  sulphurio  acid 
attacks  the  silicates  and  unites  with  soda  or  lime.  In  the  strata  of  the  earth  are 
found  deposits  of  sulphates  of  lime,  but  these  appear  to  have  been  deposited  from 
solution  by  infiltration,  or  by  evaporation,  as  in  the  8alt  Bange.  Their  ultimate 
origin  is  probably  the  same  aa  that  just  indicated.  The  presence  of  sulphate 
of  lime  in  soils  leads  to  the  production  of  sulphate  of  soda.  The  former  salt  is 
slightly  soluble,  and  as  the  earth-water  contains  alkaline  carbonate,  mutual 
decomposition  leads  to  the  formation  of  carbonate  of  lime  and  sulphate  of  soda. 
This  partly  accounts  for  the  excessive  proportions  of  sulphate  of  soda  often 
found  in  reh.  The  sulphates  may  be  again  reduced  to  sulphides  by  organic 
matter  from  the  vegetable  mould  or  other  sources,  which  accounts  for  the  presence 
of  sulphuretted  hydrogen  in  dirty  well  waters  rich  in  sulphates. 

9.  As  regards  the  chlorine  of  the  alkaline  chlorides,  there  is  more  difficulty. 

Chlorine  is  not  an  important  chemical  constituent  of  anv 

Ongin  of  chlondes.  .         ••      •        -  i       -l  x   xi.         •  i 

^  common  mmerals  forming  rocks,  but  there  is  no  rock 

that  on  being  powdered  and  washed  with  distilled  water  does  not  show  its  pre- 
sence. The  only  explanation  known  of  ite  appearance  lies  in  the  faict  that, 
though  generally  in  minute  quantities,  it  is  tlie  most  universally  diffused  sub- 
stance we  know.  Even  in  air  a  chemically  clean  platinum  wire  cannot  be 
exposed  for  some  time  without  showing  the  sodium  line  in  the  spectroscope  due 
to  sodium  chloride  which  can  be  extracted  from  the  air  dust. 

10.  There  is  next  to  be  considered  the  chemistry  going  on  in  the  decompoei- 
Formation  of  salts  in     tion  of  the  debris  of  the  rocks  forming  the  plain.     It  is 

the  plains.  in  a  more  finely-divided  state,  and  is  therefore  in  a  con- 

dition more  favourable  for  chemical  action,  and  besides  the  constituents  are  in  a 
further  advanced  state  of  decomposition  than  in  the  fresh  rocks.  The  action 
tbat  has  been  described  is  therefore  intensified.  It  has  been  proved  by  experi- 
ment that  it  is  from  the  most  finely-divided  clay  (felspathic)  particles  of  soils 
that  most  of  the  soluble  substances  can  be  extracted.  These  particles  are  so 
extremely  fine  that  under  the  microscope  they  are  seen  only  as  minute  dots. 
The  other  small  particles  which  are  of  measurable  dimensions  are  silicious,  and 
3rield  to  acids  only  a  slight  amount  of  soluble  matter. 

11.  There  are  three  points  to  be  considered, — ^the  action  that  takes  place  on 
the  surface,  that  which  takes  place  in  the  strata  permeated  by  the  underground 
water,  and  also  the  relations  between  the  two. 

12.  On  the  surface  undoubtedly  the  greatest  amount  of  decomposition  goes  on 
Surface  prodnction  of     ^^^  ^^  united  action  of  air,  moisture,  heat^  and  light. 

ttlts.  This  produces  the  perennial  supply  of  soluble  salt  neces- 

sary for  the  growth  of  plants,  and  in  cultivation  it  is  assisted  by  turning  up  and 
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pulverising  the  soil  and  acting  on  it  hj  water.  In  oonntries  with  good  8nr£ace 
and  nndergronnd  drainage  there  is  a  constant  escape  of  these  salts,  and  the 
difficnltj  may  be  how  to  get  enough  of  them.  In  many  parts  of  onr  plains 
circnmstances  f  avonr  their  accnmnlation,  and  the  question  is  how  to  get  rid  of  the 
excess.  I  have  frequently  taken  samples  of  soil  and  subsoil  from  places  where 
there  were  efflorescences  and  where  there  were  none,  and  on  washing '  out  the 
soluble  substances  with  boiled  distilled  water  found  that  they  were  similar,  but 
different  in  amounts.  They  always  consisted  chiefly  of  alkaline  chloride  and 
sulphate,  with  often  small  quantities  of  alkaline  carbonate,  and  frequently  larger 
amounts  of  soluble  magnesian  salt,  sulphate  or  chloride.  Another  experiment 
was  to  take  a  sample  of  reh  soil  and  wash  it  repeatedly  till  no  trace  of  soluble 
salts  could  be  found.  It  was  then  dried  and  thoroughly  mixed  and  a  portion 
tested  again  to  see  that  no  soluble  salt  was  present.  It  was  then  placed  on  a 
filter  and  covered  with  porous  filter  paper  so  as  to  exclude  dust,  but  allow 
evaporation,  and  the  bottom  of  the  glass  filter  was  corked.  It  was  frequently 
watered  with  distilled  water  charged  with  carbonic  acid  and  exposed  to  the 
heat  and  light  of  the  sun  in  the  hot  weather  for  nearly  three  months.  At  the 
end  of  that  time  it  showed  no  efflorescence,  but  on  being  washed  with  distilled 
water  the  solution  showed  the  presence  of  considerable  quantities  of  alkaline 
chlorides  and  sulphates.  This  experiment  proved  that  in  that  species  of  soil 
a  sensible  production  of  reh  salt  may  take  place  in  a  few  months.  A  similar 
sample  irrigated  with  ordinary  well  water  rapidly  developed  an  efflorescence 
owing  to  the  presence  of  salts  in  the  water.  There  is  nothing  particularly  novel 
in  these  results.  Experiments  have  often  been  made  of  grinding  down  the  solid 
rock  from  the  debris  of  which  the  adjoining  country  was  formed.  On  washing 
out  the  powdered  rock  the  solutions  were  found  to  contain  the  salts  of  the  water 
of  the  district ;  indeed  it  is  always  possible  to  account  for  the  composition  and 
proportions  of  the  ingredients  in  a  water  draining  any  area  if  the  structure  and 
composition  of  the  rocks  are  known. 

13.  To  estimate  approximately  the  decomposabiliiy  of  a  soil,  the  simplest 
.  .  method  is  to  dry  and  weigh  a  sample  and  wash  out  from 

of  decomposition  in  loik :  it  the  soluble  salt  already  present.  On  drying  and  weigh- 
the  Lysimeter.  ing  the  residue  and  deducting  its  weight  from  the  original 

there  will  be  found  the  soluble  salt  (along  with  some  organic  matter).  This  is 
the  result  of  decomposition  already  accomplished.  The  solution  may  be  tested  in 
the  usual  way,  by  evaporation  to  find  the  total  dissolved  matter,  and  by  ignition 
to  find  organic  matter.  The  washed  residue  of  earth  is  then  ignited  to  expel  all 
remaining  organic  matter,  and  treated  with  hydrochloric  acid,  which  will  decom- 
pose and  dissolve  the  materials  which  are  in  an  easily  decomposable  state.  The 
solution  will  contain  lime,  magnesia,  alumina,  and  iron,  and  also  the  alkaline  bases 
capable  of  efflorescing.  On  deducting  the  undissolved  residue  from  the  former, 
a  figure  will  be  found,  which  will  be  an  approximate  index  of  the  facility  of 
decomposition  of  the  soil.  The  hydrochloric  acid  solution  can  be  examined  in 
the  usual  way  if  required  by  first  precipitating  the  iron,  alumina,  and  phosphates 
of  the  alkaline  earths,  then  the  lime,  and  afterwards  separating  the  magnesian 
and  alkaline  bases.    The  last  vrill  show  the  salt  capable  of  efflorescing.    A  more 
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coirect  way  is  to  perform  an  experiment  similar  to  wliat  I  have  described  before 
with  the  glass  funnel.  A  zino  box  is  made  open  at  the  top  and  closed  at  the 
bottom,  with  a  false  bottom  of  perforated  zinc  half  way  down.  The  section  is 
nsnally  1  square  foot.  Earth  is  placed  above  the  perforated  zinc,  and  the  whole  is 
exposed  to  the  yar3ring  conditions  of  the  season  and  climate,  as  rainfall,  heat, 
moisture,  Ac.  All  water  that  &lls  sinks  through  the  perforated  bottom,  and  is 
collected  or  evaporates.  After  some  months  or  a  season  the  solution  in  the 
bottom  of  the  box  and  the  earth  are  examined  in  the  usual  way  to  find  the 
results  of  decomposition.  Such  an  instrument  is  called  a  Lysimeter,  and  has  the 
advantage  of  demonstrating  the  changes  that  take  place,  not  by  the  action  of 
acids,  but  by  the  ordinary  operations  of  nature. 

14b  Another  source  of  generation  and  accumulation  of  these  salts  takes  place 
Undergtomid    prodne-     ^  ^^  strata  moistened  by  the  underground  water.     This 
iion  of  salts.  is  'partly  derived  from  percolation  of  rainfall  from  the 

sur^e  where  it  is  sufficiently  porous.  In  its  passage  downwards  it  washes  out 
any  soluble  salts  it  meets  and  carries  them  down  till  it  reaches  the  impermeable 
stratum.  In  the  second  place  the  air  contained  in  the  vegetable  mould  and 
porous  ground  is  rich  in  carbonic  acid,  and  this  is  absorbed  by  the  water  and 
enables  it  to  dissolve  more  lime  and  magnesian  carbonate,  which  accounts  for 
the  much  greater  hardness  of  subsoil  waters.  In  the  third  place  the  alkaline 
water  charged  with  carbonic  acid  not  only  promotes  the  decomposition  of,  the 
strata  through  which  it  filters,  but  by  a  constant  soakage  action  on  that  which  it 
moistens  produces  still  more.  The  amount  produced  would  be  in  a  great  mea- 
sure proportional  to  the  time  the  water  remains  in  contact  with  the  stratum.  In 
stagnant  underground  waters  in  the  middle  of  the  plains,  as  at  Ghunga  Manga 
and  Wanradaram,  the  dissolved  salts  amount  to  400  grains  per  gallon.  Another 
feeder  of  the  underground  water  is  the  percolation  of  hUl  water  that  sinks  into 
the  porous  fringe  at  the  base  of  the  hills.  This,  however,  afiEects  particularly 
the  plain  near  the  base  of  the  hiUs.  The  solution  formed  from  the  debris  on  the 
hillside  is  much  less  saline  than  that  from  the  finely-divided  and  more  degraded 
materials  of  the  plain.  The  hill  percolation  therefore  affects  the  underground 
water  near  the  hills  in  two  ways.  It  raises  its  level  by  hydrostatic  pressuie  and 
it  makes  it  less  saline  by  dilution.  There  is  stiU  another  source  of  underground 
waters  in  the  percolation  from  rivers,  streanu,  and  canals.  The  neighbourhood 
of  rivers  affects  the  water*level,  and  very  sensibly  influences  the  quality  of  the 
subsoil  water.  Analyses  of  waters  taken  from  wells  near  them  show  tiiat  they 
closely  approximate  to  the  river  waters,  being  little  more  than  those  filtered. 
For  example,  the  well  water  near  the  Bavi  was  found  to  contain  from  8  to 
15  grains  per  gallon,  that  near  the  Jumna  9*8  to  14  grains.  Advantage  is  now 
being  taken  of  this  in  supplying  water  from  such  wells  to  some  large  cities  in  the 
Punjab.  The  influence  on  the  quality  of  the  subsoil  water,  however,  only  exists 
in  the  khadar  land,  or  low  river  valley.  In  the  bhangar,  or  bar  land,  the 
upland  that  lies  between  neighbouring  rivers,  even  at  short  distances  &om  the 
valley,  the  water  may  be  highly  saline.  In  the  case  of  canals,  as  far  as  my  ob- 
servation goes,  there  is  very  littie  percolation  in  the  districts  I  have  seen  irrigated 
by  the  Bari  Doab  Canal,  on  account  both  of  the  impermeability  of  the  soil  and 
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the  disposition  pf  the  strata.  If,  howeYer,  a  oanal  were  made  on  a  natural  line 
of  drainage,  as  I  have  heard  the  Western  Jumna  Canal  is,  it  might  influence  the 
adjoining  ground  in  the  way  I  have  mentioned  in  the  case  of  rivers^  both  as  to 
the  water-leyel  and  qualiiy  of  percolating  water. 

15.  When  rain  water  sinks  into  a  soil  containing  soluble  salts,  it  dissolves  them 
Nature  of  reh  and  ita     ^^^  carries  them  down   till  it  reaches  an  impermeable 

TArieties.  stratum.    Medlicott  has  pointed  out  the  action  of  the  first 

rain  drops  in  carrying  efflorescent  salts  down,  so  as  to  be  in  a  great  measure  oat 
of  the  reach  of  the  surface  scour  of  the  succeeding  rainfall.  If  the  soil  is  poroos, 
it  may  gravitate  down  to  the  water  stratum,  which  then  becomes  a  reservoir  of 
the  surface  salts.  If  it  is  only  slightly  porous,  as  in  alluvial  soils  containing 
much  clay,  the  soakage  is  only  saperficial  to  one  or  more  feet  in  depth,  and  gene- 
rally in  such  cases  the  surface  soil  is  more  or  less  porous  from  atmospheric 
exposure,  and  below  it  lies  a  more  compact  clay  subsoil.  As  rain  water  contains 
free  carbonic  acid,  it  dissolves  also  carbonate  of  lime  and  magnesia  if  these  be 
present  in  the  soil.  When  evaporation  succeeds,  it  draws  up  the  moisture  in  the 
more  porous  surface  soil  by  capillaiy  action.  As  the  water  and  carbonic  acid 
pass  ofE,  the  solution  becomes  more  concentrated  and  carbonate  of  lime  is  re- 
deposited.  This  last  action  takes  place  first,  and  as  the  concentrated  solution  is 
drawn  up  to  the  surface,  it  finally  deposits  its  most  soluble  salts  on  drying  as  an 
efflorescence  on  the  surface.  An  essential  condition  is  the  dryness  of  the  climate. 
In  more  temperate,  but  dry  regions,  as  in  the  Utah  Basin  and  the  elevated  parks 
or  plateaus  of  the  rocky  mountains,  efflorescences  appear  as  well  as  in  the  scorch, 
iug  plains  of  India.  The  action,  however,  is  intensified  by  heat,  which  increases 
evaporation.  By  similar  capillary  action  the  moisture  will  creep  up  the  sides  of 
objects  lying  on  the  ground,  such  as  pieces  of  brick,  and  deposit  a  copious 
efflorescence.  At  first  it  appears  in  glittering  crystals,  but  as  the  sodium  sul- 
phate gradually  loses  its  water  of  crystallization,  it  breaks  up  into  a  copious  white 
powder  of  anhydrous  salt,  and  it  is  then  that  it  is  most  apparent.  The  carbonate 
of  soda  behaves  similarly,  but  the  sodium  chloride  does  not,  having  no  water  of 
crystallization.  Nitrate  of  soda  and  lime  deliquesce  in  damp  air.  During  the 
hot  months,  the  salts,  if  brought  up  by  rain,  melt  in  their  water  of  erystalliBation. 
By  the  word  efflorescence  we  do  not  mean  here  what  is  known  as  sudb  in  chemi. 
dd  langaage,  that  is,  the  breaking  up  of  a  crystallized  salt  into  a  powder  from 
loss  of  water  of  crystallisation.  What  is  meant  is  efflorescence  in  the  physical 
sense,  or  the  appearance  on  the  surface  of  the  ground  of  soluble  salts  brought  up 
by  capillary  evaporation.  It  is  true  that  sulphate  and  carbonate  of  soda  effloresce 
in  the  chemical  sense,  but  chlorides  and  nitrates  do  not. 

16.  From  what  has  been  explained  regarding  the  origin  of  the  salts  dissolved 
out  of  the  earth,  it  can  be  understood  how  the  solutions  can  naturally  be  divided 
into  two  groups,  whether  they  be  river  and  canal  waters,  or  well  waters,  or  solu- 
tions formed  when  rain  water  soaks  a  saline  soil.  There  are  first  the  neutral 
solutions  from  which  carbonate  of  soda'  has  almost  or  entirely  disappeared,  hav- 
ing been  used  up  in  decomposing  any  soluble  lime  or  magnesian  sulphate  or 
chloride  and  precipitating  their  carbonates.  To  this  belong  the  river  and  canal 
waters,  the  chief  ingpredient  of  which  is  carbonate  of  lime  with  less  amounts  of 
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magDesian  carbonate  held  in  solntion  by  free  carbonic  acid.  There  is  present 
probably  next  in  omonnt  soluble  salt  of  lime  and  magnesia,  sulphate  or  chloride^- 
the  magnesia  in  smaller  amount.  The  alkaline  chloride,  though  the  most  con- 
stant ingredient  in  all  waters,  is  in  amall  amount,  from  \  grain  to  2  grains,  and 
the  alkaline  sulphate  in  about  equal  or  larger  quantity.  In  the  majority  of  well 
waters  in  the  plains  in  my  experience  there  is  high  permanent  hardness,  indicat- 
ing  lime  or  magnesian  sulphate  or  chloride,  and  sodium  carbonate  is  deficient. 
The  total  dissolved  salts  is  in  fresh  well  waters  about  double  that  in  rivers  and 
canals,  and  may  rise  in  saline  wells  from  10  to  40  times  the  amounts,  the 
increase  being  chiefly  in  carbonate  of  lime  and  alkaline  chlorides  and  sulphates.^ 
The  second  group  of  waters  or  solutions  is  that  containing  carbonate  of  soda.  In 
these  there  is  generally  little  permanent  hardness,  or  soluble  lime  or  magnesian 
salt.  If  these  two  groups  on  evaporating  produce  efflorescence,  in  the  first  we 
may  have  sodium  chloride  and  sulphate,  and  any  magnesian  sulphate,  if  present ; 
in  the  second  we  may  have  sodium  carbonate  with  sodium  sulphate  and  chloride, 
but  no  lime  or  magnesian  salt.  During  the  process  of  drying,  which  leads  to  the 
efflorescence,  the  first  thing  that  occurs  is  the  deposition  of  Ume  and  magnesian 
carbonate,  as  the  free  carbonic  acid  disappears*  Subsequently,  sulphate  of  lime 
being  only  little  soluble  would  deposit,  and  the  highly  soluble  salts,  including 
sodium  carbonate,  chloride  and  sulphate^  magnesium  and  calcium  chloride  and 
nitrate  and  magnesium  sulphate,  would  be  capable  of  efflorescence.  These  salts, 
however,  are  not  deposited  as  they  exist  in  solution,  as  new  laws  come  into  play. 
The  chief  of  these  is,  that  during  evaporation  the  least  soluble  salt  that  can  be 
formed  is  first  deposited ;  but  this  is  modified  by  two  other  laws,  the  tendency  of 
certain  compounds  to  form  double  salts,  and  the  tendency  of  substances  with  the 
same  crystalline  form  to  crystallize  out  together.  The  efflorescences  thus  produced 
consist  of  three  groups ;  \sty  the  neutral,  containing  no  carbonate  of  soda,  consist 
chiefly  of  sodium  chloride  and  sulphate,  and  frequently  magnesium  sulphate ;  2ndy 
the  alkaline,  containing  carbonate  of  soda  and  alkaline  chlorides  and  sulphates, 
but  no  lime  or  magnesian  salt ;  3r(2,  the  nitrous  effloretscences.  These  generally 
contain  no  alkaline  carbonate,  and  consists  chiefly  of  nitrate  of  lime  and  alkaline 
chlorides.  Others  contain  alkaline  nitrate,  chloride,  and  sulphate.  They  are 
developed  where  the  soil  has  become  loaded  with  organic  nitrogenous  matter. 
In  several  places  about  Lahore  there  is  a  good  deal  of  magnesian  sulphate,  and  I 
have  observed  on  twigpsi  of  &rash  trees  a  saline  coating  of  this  salt.  Beh  is  ihus 
not  a  special  salt  or  mixture  of  salts,  but  a  vexy  variable  compound.  It  is  really 
the  most  easily  soluble  salt  in  the  earth-water,  remaining  in  solution  after  the 
deposition  of  carbonate  of  lime,  ^.,  on  evaporation.  The  ingredients  and  their 
relative  proportions  are  found  to  vary  in  different  places,  exactly  as  the  well 
waters  at  different  spots  differ  in  saline  contents,  and  in  the  same  area  there  is  a 

>  Though  we  speak  usQally  of  individnsl  salto  existing  in  a  solntion,  this  is  not,  strictly  speak- 
ing, scientiflcallj  correct.  If »  for  example!,  sodinm  chloride  and  lime  sulphate  be  nvide  into  a 
solution,  it  will  zeally  eontain  quantities  also  of  sodium  sulphate  and  lime  chloride,  and  the 
amounts  of  the  four  salts  will  depend  on  the  masses  of  the  first  two^  temperature,  concentration, 
Ac.  Properly  speaking,  in  recording  an  analysis,  the  total  amount  of  acids  and  bases  should  be 
separately  recorded,  iiy  a  con veutloual  rule,  however,  it  is  customary  to  arrange  the  salts  hypo- 
thetically. 

F 
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close  relation  between  the  two.    The  relative  proportion  of  common  salt  to 
Bodimn  sulphate  was  found  by  Medlicott  to  vary  from  4  to  24  per  cent. 

17.  The  re-deposit  of  carbonate  of  lime  gives  rise  to  those  nodules  known  as 
„       ^.       - ,     •  kankar.     It  takes  place  at  the  upper  margin  of  the  im- 

permeable  subsoil.  They  are  not  formed  by  the  hme 
depositing  round  a  nucleus  and  pushing  the  other  elements  of  the  soil  aside.  A 
portion  of  rather  porous  soil,  consisting  of  a  mixture  of  lime,  sand,  and  clay,  is 
infiltrated  with  water  retained  in  it  by  an  impermeable  bottom.  The  carbonate 
of  lime  is  deposited  throughout  this  porous  mass,  and  cements  its  particles  toge- 
ther till  it  becomes  of  a  stony  hardness.  Deposit  no  doubt  also  takes  place  along 
the  outer  sur&use,  as  each  former  minute  crystal  deposited  acts  as  a  nucleus  for 
farther  deposit.  The  formation  is  often  seen  in  an  incomplete  state,  nodules  of 
soil  having  become  only  partially  hardened.  The  process  is  essentially  one  of 
segregation  from  the  soil  itself.  Such  nodular  formations,  which  are  very  com- 
mon with  other  minerals,  as  iron  oxide,  silica^  &c.,  are  an  example  of  the  simplest 
kind  of  metamorphosis  going  on  in  rocks  and  soils.  It  is  not  necessarily  con- 
nected with  efflorescences  on  the  sur&oe.  The  essential  condition  of  its  existence 
is  tiie  presence  of  carbonate  of  lime,  or  its  ready  production  by  ordinary  decom- 
position in  the  soil.  In  soils  and  sub-soils  which  supply  little  lime  there  may  be 
efflorescences  without  formation  of  kankar,  as  in  those  consisting  of  clay  and 
silicious  sand.  On  the  other  hand,  in  marly  soils,  in  which  there  may  be  little 
production  of  alkaline  salt,  kankar  may  form  without  any  efflorescence.  The 
analysis  of  kankar  very  well  illustrates  their  mode  of  formation.  They  show 
from  20  to  50  per  cent,  of  carbonate  of  lime,  the  rest  consisting  of  the  mixture  of 
clay  and  sand  of  which  the  soil  is  composed. 

18.  To  estimate  practically  the  amount  of  injurious  reh  in  any  soil,  it  should 
Estimation  of  reb  in     be  washed  with  boiled  distilled  water  and  the  solution 

boiU  and  water.  evaporated,  then  burned   to  expel  organic  matter   and 

finally  weighed.  In  the  case  of  the  waters  of  rivers,  canals,  and  wells,  they 
should  be  evaporated,  ignited,  re-carbonated,  and  weighed.  The  easily  soluble 
salts  should  then  be  washed  out  with  a  little  distilled  water  and  the  residue 
weighed.  The  portion  undissolved  consists  of  lime  and  magnesian  carbonates 
and  some  sulphate  of  lime  with  small  amounts  of  silica,  Ac.  The  difference 
between  the  two  weights  is  the  amount  of  salt  capable  of  efflorescing.  If  one 
have  a  record  of  the  analysis  of  any  water,  a  rough  approximation  is  got  by 
deducting  from  the  total  solids  the  volatile  matter  (almost  all  organic),  also  the 
removable  hardness  consisting  of  carbonate  of  lime.  In  addition  two  grains  per 
gallon  of  carbonate  of  lime  should  be  further  deducted,  as  in  boiling  (in  order 
to  remove  carbonate  of  lime),  two  grains  per  gallon  still  remain  dissolved.  A  still 
further  deduction  would  require  to  be  made  for  silica,  iron,  Ac.,  but  these  are  in 
small  amount.  I  mention  these  methods  of  approximate  estimation  because  they 
are  readily  applied  and  are  useful  for  all  practical  purposes. 

19.  In  cousidcring  the  conditions  that  lead  to  accumulation  of  salts  on  the 
Causes  of   accumula*      surface  or  in  the  underground  water,  it  is  to  be  borne  in 

tion  of  salts.  luind  that  soils   exposed  to  moisture,   air,  and  heat    are 

continually  generating  them,  and  that  in  some  in  which  the  felspathic  elements 
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are  undergoing  rapid  deoay  the  production  may  be  profuse.  Also  all  water, 
river,  canal,  or  underground,  that  has  washed  over  or  filtered  through  the 
ground,  contains  similar  salts  and  promotes  their  further  production. 

20.  The  simplest  case  of  accumulation  is  that  of  a  closed  basin  like  the  Utah 
1  ^.     .  1.   .         Basin.     The  sur&ce  water   washing  the  salts    oS   the 

ground  has  no  escape  to  the  sea^  and  forms  an  inland  salt 
lake.  The  soil  in  such  cases  is  very  saline,  except  in  places  where  there  is  slope 
to  allow  thorough  surface  washing  by  rainfall,  or  permeability  to  allow  the  sur- 
face salt  to  be  washed  down  to  a  deep  ground  water.  In  the  centre  of  the 
depression  both  the  surface  and  sub-soil  and  the  sub -soil  water  are  loaded  with 
salt.  The  efflorescences  in  Utah  closely  resemble  those  in  the  Punjab,  the  main 
common  ingredients  being  sulphate  of  soda,  common  salt,  and  often  sulphate  of 
magnesia.  In  some  places  there  is  a  large  amount  of  carbonate  of  soda,  in 
others  borax  is  present.  In  the  Caspian  Basin  the  main  ingredients  are  sulphate 
of  soda  and  common  salt.  The  very  opposite  case  is  a  hilly  or  undulatiug  countiy 
with  sufficient  rainfall  and  good  natural  surface  drainage,  the  strata  of  which  are 
also  inclined,  thus  allowing  of  natural  sub-soil  drainage  till  the  underground 
water  finds  an  outlet  at  the  outcrops  of  the  strata^  or  where  they  are  laid  open  by 
natural  sections  of  the  country.  Here  the  salts  continually  formed  are  either 
washed  off  the  surface  or  are  carried  down  to'  the  sulKsoil  water  which  drains 
them  off. 

21.  In  examining.the  state  of  things  in  the  Indo-Gkmgetic  plain,  it  is  neces- 

.  1  X.     .     1  .  sary  to  consider  the  structure  of    the  country.      The 

AccuxDiiiatioii  in  plainB.  *^  ^ 

Himalayan  axes  stretching  along  the  north  of  the  plain 
are  elevated  cores  of  granitic  gneiss  flanked  by  metamorphic  and  limestone  rocks. 
To  the  south  of  this  is  the  Siwalik  fringe  with  its  dtins,  consisting  of  clays,  sand- 
stones,  and  conglomerates.  These  are  fresh-water  deposits  formed  by  river  and 
torrent  action  in  the  tertiary  period,  and  having  suffered  displacement  by  the  Hima- 
layan elevation,  they  are  seen  to  pass  with  great  undulations  and  numerous  frac- 
tures under  the  strata  of  the  plain.  This  formation  conducts  water  under  the 
plain.  There  succeeds  to  this  the  recent  gravel  deposits  from  the  outer  hills, 
brought  down  by  river  and  torrent  action,  similar  to  that  which  caused  the 
Upper  Siwaliks,  and  known  as  the  Bh&bar.  This  is  extremely  porous,  and  a 
great  part  of  the  water  of  the  streams  passing  over  it  sinks  into  the  ground  and 
issues  in  springs  at  a  lower  level  in  the  adjoining  part  of  the  plain,  which  is 
known  as  the  Terai.  Part  also  sinks  beneath  the  plain  and  raises  the  ground- 
water level.  The  great  alluvial  plain  itself  is  composed  of  horizontal  strata. 
Near  the  hills  are  gravel  deposits,  but  further  off  the  soil  and  sub-soil  to 
an  unknown  depth  are  composed  of  deposits  of  clay,  sand,  and  mixtures 
of  the  two  in  various  proportions,  according  to  the  stream  or  lake  action  that 
deposited  them.  Diffused  through  these  are  found  mica  and  small  quantities 
of  carbonate  of  lime,  which  mdkes  soils  more  or  less  marly,  and  iron  oxide 
which  gives  them  a  yellow  or  red  colour,  and  minuter  amounts  of  sulphate 
of  lime  and  other  salts.  From  numerous  well  sections  it  is  seen  that  these  alter, 
nating  permeable  and  impermeable  beds  of  sand  and  clay  are  not  continuous,  but 
that  they  thin  out  and  arc  replaced  horizontally  by  others.  This  is  observed  even  at 
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fihort  distances.  Possibly  many  of  the  sheets  of  clay  may  have  more  or  less  of  a 
basin  form.  The  important  points  for  as  to  remark  in  considering  the  surface 
and  sub-soil  drainage  are  that  this  immense  plain  has  an  average  breadth  of 
about  200  miles,  that  practically  the  Gangetic  and  Punjab  plains  are  one,  the 
water-shed  between  the  two  being  only  perceptible  by  accurate  scientific  measure- 
ments, and  that  its  length  is  about  1,200  miles.  There  are  also  no  deep  natural 
sections  exposing  outcrops  of  the  deep  strata  so  as  to  allow  of  escape  of  under- 
ground water  to  the  sea.  In  consequence  of  the  very  small  surface  slope,  and 
on  account  of  the  horizontal  disposition  of  the  strata  over  such  an  enormoua 
area,  the  conditions  as  regards  drainage  approach  to  those  of  a  basin.  The  sur- 
face drainage  is  weak,  but  ultimately  finds  its  way  by  the  rivers  to  the  sea,  but 
the  underground  drainage  is  usually  imperceptible. 

22.  As  regards  the  production  of  efflorescences,  we  have  further  to  consider 
that  in  the  Punjab  there  are  three  belts  of  plain.  That  adjoining  the  hills,  the 
sub-montane  tract,  has  a  plentiful  rainfall  and  moister  air ;  south  of  this  is  a 
sub-desert  tract  with  small  rainfall,  and  still  further  south  is  the  desert  country 
with  deficient  rainfall.  In  the  sub-montane  belt  the  rainfall  is  sufficient  to  scour 
the  surface,  and  as  it  is  more  permeable  from  the  presence  of  gravel  and  sand, 
and  has  greater  slope,  the  surface  and  subsoil  drainage  are  more  efficient  In 
the  other  two  tracts  the  working  of  these  agencies  is  defective.  In  the  hills 
themselves  the  annual  rainfall  of  a  series  of  years  is  as  follows :  Murree,  56*8 
inches ;  Dharmsala,  123'2  inches ;  Simla,  68'6  inches.  This  doea  not  include 
snowfall  however.  In  the  sub-montane  belt  we  would  have — Rawalpindi, 
82  inches ;  Sialkot,  39*3  inches ;  Ghirdaspur,  33'1  inch ;  Hoshiarpur,  36*5.  Of 
the  less-watered  region  there  is  Lahore,  with  19*3  inches ;  Shahpur,  14*5  inches ; 
Sirsa,  14*5  inches  ;  while  about  Mooltan  the  rainfall  is  6*9  and  at  Dera  Ismail 
Khan  8*2. 

23.  The  simplest  case  to  consider  is  thai  which  occurs  in  the  more  desert 
country,  in  which  the  rainfall  is  only  enough  to  moisten  the  surface  and  promote 
decomposition.  If  the  soil  is  sandy  the  dissolved  salt  is  carried  down  to  the  un- 
derground water  and  the  accumulation  takes  place  there.  If  the  ground  is  not 
porous,  as  where  clay  predominates,  only  the  upper  portion  is  soaked,  and  on 
drying  the  soluble  salts  are  brought  to  the  surface.  Instances  of  both  these  cases 
are  found  everywhere  along  the  southern  portion  of  the  Punjab  plain.  In  the 
middle  portion  of  the  plain,  where  the  rainfall  may  go  up  to  20  inches,  similar 
actions  take  place.  The  first  drops  of  rainfall  dissolve  any  efflorescence  and 
sink  into>tho  ground,  carrying  it  out  of  the  reach  of  surface  scour,  which  on 
account  of  the  flatness  of  the  plains  and  small  rainfall  is  slight.  In  the  more 
porous  portions  the  salt  is  carried  down  to  the  underground  water;  in  the 
more  imjlermeable  it  is  brought  to  the  surface  by  evaporation.  It  thus  happens 
that  in  certain  places  there  is  a  scum  of  efflorescence  on  the  surface,  while 
generally  the  ground  water  is  saline.  These  remarks  apply  to  the  Doab  or 
Bhangar  land,  the  more  elevated  part  of  the  plain  lying  betwen  adjacent  rivers. 
In  this  the  water  lies  at  a  considerable  depth,  from  30  to  100  or  more  feet,  and  is 
more  or  less  saline  ;  in  many  places  on  digging  deeper  to  another  stratum  fresher 
water  is  found.     In  the  other  great  plains  of  the  earth  where  the  climate  is  dry 
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and  like  conditions  of  soil  prevail,  similar  efflorescences  are  developed.  In  the 
dry  pampas  of  South  America  they  consist  chiefly  of  sodinm  sulphate  with  some 
common  salt;  in  the  Siberian  steppes,  of  sulphate  of  magnesia  along  with 
snlphate  of  soda  and  common  salt.  They  are  likewise  found  in  the  Russian 
steppes  and  the  Tibetan  plateaus. 

24.  The  Khadar,  or  low-lying  river  valley,  cut  out  by  recent  erosion  from  the 
old  alluvial  plain,  usually  shows  little  or  no  saline  accumulation  on  the  surface 
and  none  in  the  underground  water.  Here  the  circumstances  are  all  different. 
In  fact  the  river  occupies  the  line  of  natural  drainage  of  the  country,  and  its 
deposits  are  parallel  to  the  line  of  slope.  Accordingly,  the  water  percolating 
from  the  river  forms  a  subterranean  stream,  gravitating  down  the  river-course 
and  accompanying  the  main  stream.  Its  extent  depends  on  the  permeability 
and  arrangement  of  the  strata  and  the  resistance  of  the  porous  beds  along  which 
it  moves.  In  the  beds  of  dry  nullahs  this  gravitating  water  may  be  met  on 
digging  in  the  diy  ehannels.  If  the  undei^round  water  were  stagnant,  remain- 
ing long  in  soakage  contact  with  the  water-bed,  it  would  become  more  or  less 
saiine,  whereas  it  is  found  to  resemble  the  river  water  filtered,  though  of  course 
it  has  taken  up  some  ingredients  from  the  earth,  chiefly  more  carbonate  of  lime. 
In  two  cases  in  which  I  examined  the  water  in  beds  of  dry  nullahs,  I  found  it 
much  less  saline  than  that  of  the  surrounding  plain.  In  the  Khadar  land  the 
water  lies  near  the  surface,  and  may  be  within  the  reach  of  capillary  evapora- 
tion, which  would  produce  efflorescences,  as  it  often  doel3  to  some  extent.  But 
in  consequence  of  the  occasional  washing  by  floods,  and  of  the  underground 
circulation  I  have  described,  there  is  no  permanent  accumulation  either  on  the 
surface  or  in  the  ground- water. 

25.  One  of  the  most  interesting  and  important  cases  is  that  in  which  the 
Accumulation  by  eva-      ground  water  lies  close  to  the  surface  within  the  reach 

poration  from  a  shallow  of  capillary  evaporation,  thus  furnishing  an  unlimited 
water  table.  supply    of    efflorescence.     The    enquiry    made     by     the 

Aligarh  Committee  chiefly  referred  to  this  instance.  It  was  considered  that  the 
ground-water  level  had  been  raised  by  percolation  from  the  canal,  assisted  by 
hydrostatic  pressure,  in  consequence  of  the  canal  being  above  the  level  of  the 
country.  Other  causes  assigned  for  the  rise  were  the  obstruction  to  surface 
drainage  by  canal  and  railway  embankments  acting  as  bunds,  and  the  practice 
of  profuse  irrigation  in  flooding.  All  these  would  lead  to  an  increased  body  of 
water  sinking  into  the  ground,  carrying  earth  salts  in  solution  to  be  again 
brought  up  by  capillary  evaporation  from  the  shallow  water  table.  It  is  very 
important  to  be  able  to  estimate  how  much  is  due  to  each  of  these  agencies,  as  on 
the  decision  of  this  point  would  depend  the  remedial  measures  to  be  applied, 
such  as  the  lowering  the  level  of  the  canals,  their  realignment  on  the  high  Bhan- 
gar  land  instead  of  on  the  lower  ground,  the  restriction  of  profuse  irrigation,  the 
relieving  of  the  surface  drainage,  and  the  establishment  of  artificial  sub-soil 
drainage.  I  am  unable  to  enter  into  the  merits  of  these  most  interesting  points 
because  I  have  never  had  an  opportunity  of  making  observations  on  an  area 
where  this  mode  of  generation  of  reh  was  going  on  to  a  serious  extent.  The 
only  portions  of  country   I  have  seen  in  which  the  ground. water  lies  very  near 
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the  surface  are  the  plains  adjoining  the  hills  and  the  Khadai*  lands  or  riyer 
valloys.  In  the  former  the  rainfall  is  more  plentiful,  the  slope  of  the  surface  and 
deep  strata  are  better,  there  is  more  moisture  in  the  air,  and  therefore  less  eva- 
poration. All  these  tend  to  prevent  accumulation  of  salt  below  and  efflorescence 
above.  In  the  latter  the  washing  of  the  surface  by  the  floods  and  better  subter- 
ranean drainage  may  account  for  the  want  of  accumulation.  In  the  parts  of  the 
Bari  Doab  Canal  which  I  have  seen,  the  ground-water  lies  at  a  depth  that  is 
totally  out  of  the  range  of  capillary  action,  and  the  strata  consisting  of  alternat- 
ing clays  and  sands  are  so  impenetrable  that  percolation  can  have  little  effect  on 
the  water  level.  Captain  Ottley  informs  me  that  on  the  Bari  Doab  and  Upper 
Sutlej  Inundation  Canals  the  cuitcs  of  the  rise  and  fall  of  the  well  waters 
markedly  follow  those  of  the  rainfall  and  do  not  appear  to  be  affected  by  irriga- 
tion. I  did  not  find  any  marked  difference  in  the  water  levels  of  the  wells  near 
and  at  a  distance  from  the  canal  about  Lahore.  A  still  better  proof  was  that  the 
salinity  of  the  wells  was  not  altered  by  proximity  to  the  canal.  If  percolation  to 
any  extent  existed,  the  wells  close  to  the  canal  ought  to  be  fresher  than  those  at 
a  distance.  In  the  part  of  Lahore  occupied  by  the  railway  station  and  barracks 
the  ground- water  is  salt.  At  the  end  of  the  hot  weather  I  found  that  a  well  a 
few  yards  from  the  canal  contained  as  much  salt  as  others  far  off.  After  the 
rains  the  same  well  waters  were  found  to  be  so  diluted  as  to  contain  less  than 
one-half  of  the  former  amounts.  The  depth  from  which  capillary  evaporation 
can  take  place  is  also  a  question  that  ought  to  be  investigated  by  observation 
and  experiment.  Much  of  course  depends  on  the  porosity  of  the  soil,  but  in  the 
most  favourable  cases  one  would  fancy,  from  the  known  laws  of  capillary  force, 
that  the  action  would  only  be  through  a  few  feet,  unless  assisted  by  hydrostatic 
pressure.  At  the  village  of  Baoli,  on  the  Western  Jumna  Canal,  where  the 
reh  action  is  very  pronounced,  the  depth  from  the  surfeuse  of  the  ground  to  the 
water  table  (as  shown  by  measurements  of  an  unused  well)  is  8  feet.  It  is  said 
that  before  the  Western  Jumna  Canal  was  re-opened  in  1819,  the  water  in  wells 
about  the  part  lay  at  a  depth  of  60  to  70  cubits,  and  this  tradition  appears  to  be 
confirmed  by  inspection  of  the  records  of  other  wells  which  had  been  sunk  to  as 
much  as  116  feet,  and  in  which  now  there  are  62  feet  of  water.  On  the  banks 
of  water-courses  and  canals  about  Lahore  in  salt  soils  one  often  observes  two 
lines  of  efflorescence,  one  a  few  feet  above  the  water  level  at  the  upper  limit  of 
capillary  soakage,  and  another  some  distance  from  the  surface,  at  the  base  of  the 
surface  percolation.  As  regards  the  rise  in  the  well  water  levels  said  to  be 
caused  by  canals,  it  would  bo  necessary  to  have  accurate  information  as  to  what 
those  levels  were  before  the  canals  were  made.  Probably  no  accurate  record  was 
made  before  the  earlier  canals  were  started,  as  attention  was  not  directed  to  the 
point. 

26.  There  are  last  to  be  noticed  some  other  modes  of  distribution  and  accu- 
Other  modes  of  accn-      mulation    of    alkali    salts.     Irrigation  by    flooding    and 
malaiion.  allowing  the  water  to  dry  on  the  soil,  unless  it  is  very 

permeable,  of  necessity  leads  to  production  of  salt.  Not  only  does  the  irrigat- 
ing water  contain  salt  which  it  deposits  as  an  efflorescence,  but  it  also  promotes 
further  decomposition  in  the  soil.     The  amount  of  reh  in  ordinary  canal  water 
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might  be  from  2  to  6  grains  per  galloD.  If  well  water  is  used,  the  aoonmnlation 
is  much  greater,  because  it  contaiiis  much  more  salt.  In  places  where  the  water 
is  sweety  the  reh  may  be  about  6  to  15  grains  per  gallon ;  where  it  is  salt,  it  may 
amount  to  more  than  200  grains  per  gallon,  as  at  varions  places  on  the  Railway 
Line  between  Lahore  and  Mooltan.  An  extraordinary  instance  is  mentioned 
in  the  Aligarh  Report  of  a  reh  soil  tried  by  the  most  energetic  measures  with- 
out effect.  An  analysis  of  this  soil  would  probably  have  proved  that  the  ele- 
ments of  the  soil  itself  were  in  such  a  state  of  decomposition  that  most  of  the 
measures  employed  assisted  the  process.  Again,  water  running  off  a  saline 
field  must  necessarily  dissolve  a  portion  of  its  salt,  and  if  it  be  allowed  to  run 
into  another  and  dry,  that  salt  will  be  deposited.  The  agency  of  wind  appears 
to  be  a  slight  and  very  variable  one.  There  is  no  doubt  that  wind  blowing  over 
a  saline  country  and  raising  dust  transports  saline  particles.  Travellers  over  the 
alkali  plateaus  of  the  Rocky  Mountains  are  familiar  with  the  irritation  caused 
to  the  eyes  by  this  mode  of  transport.  All  these,  however,  are  of  secondary 
importance.  The  main  points  io  bear  in  mind  are,  that  there  are  several  factors 
causing  production  and  accumulation,  and  others  leading  to  the  removal  of 
earth  salts.  Of  the  former  there  is  first  the  soil  itself.  This  is  always  generat- 
ing them,  and  in  certain  cases  its  materials  so  readily  undergo  decomposition 
that  perhaps  even  artificial  means  may  fail  to  cure  the  evil.  The  next  chief 
factor  \b  the  water  used  in  irrigation.  This  always  contains  reh  salts, — the 
river  and  canal  water  in  small  amount,  but  the  well  water  often  in  enormous 
quantities.  In  addition,  the  irrigation  water  may  not  only  deposit  its  salt  in  the 
soil,  but  it  causes  further  production  in  the  soil  itself.  Another  cause  is  the 
special  condition  in  which  the  subsoil  water  lies  within  the  reach  of  capillary 
action  from  the  sur&use,  which  may  give  rise  to  an  inexhaustible  supply.  Tho 
factors  concerned  in  the  removal  are,  first,  permeability  of  the  soil,  which  may 
oUow  the  salts  to  be  washed  down  to  the  underground  water.  If  this  have  a 
ready  outlet^  they  are  removed ;  if  not,  there  will  be  a  saline  ground  water ;  but 
the  surface  may  show  no  accumulation  if  the  water  table  is  deep.  If,  however 
the  ground-water  is  a  very  short  distance  from  the  surface,  there  may  be  a  pro- 
fuse efflorescence  xmder  the  usual  conditions  of  dryness  of  the  atmosphere  and  heat. 
The  second  cause  of  removal  is  copious  rainfall.  If  the  rainfall  is  copious,  it  may 
wash  away  part  of  the  salts,  and  this  is  one  of  the  reasons  that  in  rainy  regions 
alkali  is  rare.  If  it  is  slight  and  only  moistens  the  soil  without  scouring  it,  there 
will  be  a  continuous  production  and  accumulation  on  the  surface,  except  when 
the  soil  is  porous  and  allows  it  to  be  carried  down  to  the  ground- water.  The 
third  means  of  removal  is  by  vegetation,  which  annually  takes  up  its  necessary 
portion  of  salts  and  assimilates  them.  It  is  frequen%  observed  that  in  culti- 
vated spots  the  reh  is  kept  under,  while  the  uncultivated  ground  around  may  be 
covered  with  it.  In  connection  with  this,  it  is  to  be  remarked  that  for  land  plants 
potash  salts  are  necessary,  but  it  is  doubted  whether  soda  salts  are  essential,  ex- 
cept in  the  case  of  Salsoloe,  &c,  which  grow  in  soda  soils.  This  may  have  some- 
thing to  say  to  the  barrenness  of  our  soda  reh  soils.  Another  factor  to  be  noticed 
is  the  effect  of  shade  produced  by  vegetation,  which  prevents  the  excessive  evapo- 
ration which  brings  the  salt  to  the  surface.     It  thus  remains  more   diffused 
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throng  the  moisture  in  the  soil.  Lastly,  plants  also  induce  capillary  currents 
towards  themselves.  The  absorbing  parts  are  the  rootlets  and  myriads  of  hairs 
surrounding  each.  These,  by  the  act  of  absorption,  set  up  capillary  currents  in 
the  moisture  of  the  soil  towards  themselves,  which  compete  with  capillary  eva- 
poration at  the  surface  and  tend  to  the  diffusion  of  the  moisture  and  its  salts 
through  the  soil  as  far  as  the  roots  extend.  It  is  to  be  noted  that  if  a  soil  re- 
main damp,  so  that  the  salts  are  diffused  through  it,  they  may  do  no  harm.  It 
is  their  concentration  as  a  scum  on  the  surface  that  poisons  crops.  The  moisture 
round  the  rootlets  forms  a  solution  so  saline  that  the  osmose  currenlB  by  which 
the  plants  are  nourished  are  interfered  with  and  they  perish. 

27.  A  very  important  point  materially  affecting  the  question  of  the  cure 
of  reh,  is  how  far  reclamation  or  non-development  may  be  due  to  diffusion 
of  the  salt  in  the  soil.  In  rainy  •  and  damp  portions  of  the  plains  sinular  in 
conditions  of  subsoil  drainage  to  reh-stricken  tracts,  we  find  no  efflorescence. 
How  far  is  this  due  to  surface  washing  and  how  far  to  diffusion  P  From  three 
experiments  made  this  year,  it  was  found  that  the  rain  waters  coming  off  the 
surface  of  reh-ground  contained  a  perceptible  quantity  of  the  salts.  Neverthe- 
less the  great  fact  of  occlusion  by  means  of  the  first  soakage  portion  of  the 
rainfall  was  proved  by  the  occurrence  of  a  copious  efflorescence  on  the  drying 
of  the  washed  soil.  If  the  rainfall  were  very  copious,  would  it  succeed  in  wash- 
ing off  excess  of  salt  ?  This  question  might  be  settled  by  anaJyeis  of  the  total 
quantities  of  soluble  salt  in  soils  of  the  rainy  and  dry  tracts  of  the  plains, 
within  the  range  of  surface  soakage.  As  it  would  be  impossible  to  select  two 
spots  precisely  similar  in  conditions  of  subsoil  drainage  and  constitution  of  soil, 
it  is  evident  that  no  conclusion  would  be  of  value  except  from  a  great  number  of 
experiments. 

28.  Speaking  broadly,  the  development  of  efflorescences  occurs  in  India 
chiefly  in  a  well-marked  meteorological  area,  including  the  Punjab,  except  at  the 
base  of  the  hills,  similarly  the  upper  part  of  the  North-Western  Provinces, 
and  also  Sinde  and  Bajputana.  This  region  is  characterised  by  small  rainfaU, 
dryness  of  the  air,  and  excessive  solar  heat,  each  of  these  as  shown  contribute 
to  the  concentration  of  salt  on  the  surface.  On  the  other  hand,  in  similar 
parts  of  the  Indo-Oangetic  plain,  where  there  is  more  copious  rainfall,  this  of 
itself  by  keeping  the  soil  moister  causes  diffusion  of  any  salt  present  through 
the  soil.  Again,  the  sheet  of  air  which  covers  the  ground  contains  more 
moisture  and  acts  in  two  ways  in  preventing  surface  concentration.  It  dimi- 
nishes the  effect  of  solar  heat,  because,  as  Tyndall  has  shown,  the  invisible 
vapour  of  water  absorbs  a  great  deal  of  the  heat^  thus  preventing  damp  regions, 
such  as  Lower  Bengal,  from  reaching  such  high  temperatures  as  the  dry -regions 
of  Upper  India,  even  though  the  latter  are  of  higher  latitude.  In  addition,  thero 
is  more  cloud  in  the  damp  regions  which  also  abstracts  solar  radiation,  whereas 
in  Upper  ludia  the  sky  is  cloudless  most  of  the  year.  Again,  the  presence  of  a 
moister  sheet  of  air  over  the  ground  abstracts  evaporation,  which  takes  place 
in  proportion  to  the  dryness  of  the  air.  It  is  very  desirable  that  a  series  of 
experiments  should  be  made  regarding  the  total  salts  occluded  in  the  drier  and 
moister  parts  of  the  plains  within  the  ranges  of  surface  soakage  and  evaporation. 
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29.  As  retgards  the  effect  of  reclamation,  farther  experiments  are  also  required, 
in  order  to  show  how  much  is  due  to  removal  or  diffusion  of  the  salts,  I  esti- 
mated the  total  salt  in  reclaimed  soil  and  in  adjoining  reh-ground  to  the  depth 
of  3  feet  at  two  places  near  Lahore.  Equal  columns  of  earth  were  taken  up 
by  boring  with  a  tube.  The  result  was  negative,  as  in  one  case  the  reclaimed 
soil  contained  a  little  less  salt  than  the  adjoining  reh-ground,  and  in  the  others 
rather  more  than  a  third  less.  No  conclusion  of  any  value  can  be  drawn  except 
from  a  large  number  of  estimates,  the  variables  affecting  each  case  being  also 
taken  into  account. 

30.  The  state  of  porosity  of  the  soil  has  also  a  great  deal  to  do  with  the 
appearance  of  the  efflorescence.  Nothing  is  apparently  more  capricious  than  the 
way  it  shows  itself  in  one  spot  of  a  field  and  not  in  another.  This  may  be 
partly  due  to  difference  of  constitution  of  the  elements  of  the  soil,  but.  there  is 
no  doubt  that  another  cause  must  be  the  facility  of  capillary  evaporation  due  to 
the  variable  mixtures  of  sand  and  clay  of  which  these  alluvial  soils  are  composed. 
This  also  suggests  a  question  that  might  be  of  importance,  as  to  how  far  reh 
soils  could  be  improved  by  additions  of  sand  or  day  so  as  to  affect  their  ci^illary 
action. 

31.  I  conclude  this  paper  with  some  practical  remarks  regarding  the  methods 
,,,,,.  of  dealing  with  saline  efflorescence  afipriculturally ;   but 

these  1  wish  to  be  considered  suggestive  more  than  any 
thing  else,  as  I  cannot  pretend  to  any  experience  in  that  line.  When  visiting  Utah 
I  was  very  much  struck  on  finding  that  the  saline  efflorescences  of  that  basin 
were  similar  in  nature  to  those  I  had  seen  and  studied  in  India.  I  made  en- 
quiries into  the  ideas  current  on  the  subject  and  the  methods  of  redaiming  the 
soils.  Brigham  Young's  notions  of  natural  philosophy  were  both  extremely 
simple  and  at  the  same  time  shrewd,  as  would  be  expected  from  an  uneducated, 
but  practical  and  successful  man.  He  said :  **  There  is  salt  in  every  thing.  Water 
has  salt,  plants  have  salt,  and  earth  has  salt ;  and  the  Bible  tells  us  that  if  the 
earth  have  lost  its  salt  it  is  useless.  A  certain  quantify  of  salt  is  necessary  for 
vegetation ;  in  our  country  we  have  too  much  of  it^  and  we  get  rid  of  part  of 
it."  He  referred  me  to  Mr.  Woodruff,  who  was  Secretary  to  the  Agricultural 
By  fllnicing  and  irri-  Society,  and  to  some  of  the  best  farmers,  to  see  what  was 
gation.  done.     The  plans  adopted  were  the  following:    A  salt 

field  was  ploughed  and  small  runlets  of  fresh  water  were  sent  down  the  field, 
at  short  distances  apart,  washing  the  soil  and  running  off  into  the  drainage  of 
the  country.  Another  method  was  to  plough  up  a  field  and  make  a  terrace 
round  it  and  then  flood  it.  The  water  was  allowed  to  soak  for  some  time  till  it 
had  dissolved  the  salt  and  was  then  run  off.  Another  plan  was  to  terrace  a 
ploughed  field  and  dig  a  deep  trench  round  it.  The  field  was  flooded,  and  the 
unploughed  subsoil  being  less  permeable,  the  water  holding  the  salt  in  solution 
filtered  into  the  trench.  I  observed  similar  processes  carried  out  on  the  salt 
marshes  round  the  Bay  of  San  Francisco.  This  is  gradually  silting  up,  and 
surrounding  it  are  miles  of  low  flats  impregnated  with  sea  salt  and  growing 
only  saline  plants.  Through  these  pass  shallow  delta  channels,  scoured  by  the 
rise  and  fall  of  the  tide.    To  reclaim  this  soil,  low  earth  embankments  are  raised 

Q 


270  Records  of  the  Geological  Survey  of  India.  [vol.  xiii. 

roand  the  farms.  These  are  fitted  with  flood-gates  closed  by  the  rise  of  the  tide 
and  opening  on  its  fall.  The  salt  in  the  soil  is  washed  out  by  the  fresh  water  of 
the  streams  falling  into  the  bay  by  a  process  of  sluicing  snch  as  I  have  described, 
and  is  mn  of!  as  the  tide  falls.  In  the  depression  between  the  coast  range  and 
the  second  iunge  of  hills  artesian  wells  can  be  made,  and  these  were  used 
where  none  of  the  mountain  streams  were  available.  An  English  Company 
was  working  on  a  salt  marsh  by  the  aid  of  artesian  water  only;  but  it  was 
generally  considered  that  it  wonld  not  be  a  snooess,  as  *the  amount  of  artesian 
water  was  after  all  only  trifling  compared  with  the  area  to  be  reclaimed.  The 
aniyersal  opinion  in  Utah  was,  that  if  they  once  succeeded  in  covering  an 
alkali  fleld  with  a  crop  of  any  kind,  the  victoiy  was  won.  After  the  land  was 
half  cured,  they  generally  covered  it  with  a  hardy  fpnaSj  the  most  approved 
being  red-top  American  grass.  Beetroot  was  also  said  to  grow  well  as  an  early 
crop ;  after  that  Indian-corn,  and  other  crops  by  degrees.  Tuberous  crops  grow 
By  mftiiiiie  and  cnlti-  well  in  the  country,  and  the  potatoes  are  said  to  be  the 
▼AtioD.  1)est  in  the  world.     The  last  method  I  shall  mention  was 

that  employed  by  Brother  Fenton,  an  energetic  Devonshire  farmer.  It  happened 
to  be  impossible  for  him  to  get  fresh  water  to  wash  the  salt  out  of  his  fields, 
and  he  tried  large  quantities  of  manure— -20  to  50  tons  per  acre.  Bam-yard 
manure  was  considered  the  best>  and  as  his  great  object  was  to  keep  the 
surface  from  the  sun,  which  drew  up  the  salt,  he  aJso  used  litter  to  cover  it. 
The  first  crops  he  covered  the  ground  with  were  the  red-top  grass  and  oats, 
and  he  sowed  his  crops  in  September,  so  that  the  ground  should  be  covered 
with  vegetation  when  the  alkali  would  be  appearing.  As  soon  as  by  this 
means  he  got  his  first  crop  of  red  Timothy  grass,  he  found  he  had  suc- 
ceeded. Mr.  Fenton  complained  that  after  partly  curing  one  field  he  mined 
it  by  trenching  and  bringing  up  a  saline  subsoil.  His  idea  was  that  the 
salt  was  a  sort  of  perspiration  of  the  earth,  and,  therefore,  mostly  on  the 
surface,  and  that  by  turning  up  the  subsoil  he  would  get  a  better  soil. 
In  India  it  is  certainly  the  case  that  a  short  distance  below  the  surface  less 
reh  is  found.  It  may  be  different  in  a  closed  basin  like  that  of  Utah,  where 
the  subsoil  also  may  become  saturated  with  salt.  Utah  city  is  partly  situ- 
ated on  a  bench  at  the  base  of  the  Wasatch  hills  adjoining  the  plain,  and  at 
first  the  farms  surrounding  it  were  made  on  the  ground  that  was  not  saline. 
About  one-fourth  of  the  land  under  cultivation  was  salt,  and  three-fourths  of 
this  had  been  cured  by  sheer  cultivation,  much  in  the  way  I  have  described  in 
the  case  of  Mr.  Fenton's  farm.  For  the  other  fourth,  sluicing  and  irrigation  had 
been  available.  The  cultivation  of  saline  soils  is  also  carried  out  in  other  settle- 
ments. In  most  old-settled  countries,  and  especially  in  India,  agriculturists  are 
veiy  conservative  in  following  the  practices  of  their  forefathers.  In  America, 
where  the  population  is  composed  of  emigrants  from  all  countries,  every  man 
brings  the  methods  used  in  his  own,  and  all  sorts  of  trials  are  made  and  the 
fittest  survives.  These  are  made  in  a  new  country  under  new  circumstances, 
and  people  are  not  bound  by  traditional  customs,  but  are  anxious  to  try  what- 
ever succeeds  in  the  hands  of  others,  and  also  make  experiments  according  to 
their  own  ideas.     These  may  be  crude,  but  still  a  vast  number  of  experiments 
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are  made, — ^not  isolated  ones  by  a  Ooyemmenty  but  eyeiy  where  generallj  by  the 

people  themselves-^-and  anything  that  is  snccessfal  is  hailed  as  a  cb'scoyery. 

Some  of  the  methods  I  have  described  as  nsed  in  America  may  not  always  be 

practicable  in  the  plains  of  India.     To  run  off  the  saline  water  requires  a  slope 

and  lines  of  natural  drainage  that  may  not  be  available.     It  might  be  possible  to 

run  off  the  salt-impregnated  water  into  absorption  wells,  thus  returning  the  salt 

to  its  natural  destination,  the  underground  watei*.     It  is  a  Uw  that  a  well  will 

absorb  as  much  water  without  raising  its  level  as  it  would  give  out  without  sen^ 

^      ^    4    i.  sibly  lowering  it.     This  means  has  been  used  in  some 

By  arboriculture.  ,         xTa*!.      .j  i.  # 

cases  to  get  nd  of  bquid  sewage,  but  was  found  to  poison 

the  wells.  The  plantation  of  trees  is  also  proved  to  be  a  very  efficient  means  of 
cure.  The  kikar  is  well  known  ad  capable  of  flourishing  in  such  soils.  They 
Hot  only  assist  in  Inoderating  excessive  evaporation  by  shade,  but  they  also  ab- 
sorb and  remove  a  certain  amount  of  salt  from  the  soil.  As  the  alkali  exists 
chiefly  in  the  surface  soil  and  in  much  less  amount  at  a  small  depth,  trees  may 
grow  readily  where  annual  crops  could  not.  The  latter  have  their  rootlets  only 
in  the  sutf ace  soil,  and  are  poisoned  by  the  excess  of  salt ;  while  the  roots  of  ti^es 
extend  deeper  into  less  saline  ground ;  also  plants  not  only  consume  a  portion 
of  the  salt,  but  they  prevent  its  concentration  on  the  surface.  A  most  conclusive 
experiment  made  neat  the  Western  Jumna  Canal  by  the  Irrigation  Department 
is  reported  by  Colonel  Fulton.  A  piece  of  utterly  useless  reh  land,  for  which 
revenue  was  remitted,  was  taken  up  by  the  Dex>artment  and  planted  with  kikar 
trees.  These  flourished  and  a  very  fine  crop  of  doab  grass,  2  feet  high,  came 
annually  up  under  the  trees,  and  the  efflorescence  disappeai^d.  The  villagers, 
seeing  that  the  land  was  improved  and  fearing  it  would  be  alienated  by  the  new 
settlement^  appHed  for  the  restoration  of  both  trees  and  laud,  and  carried  their 
point  in  the  courts  of  law.  A  few  days  after  the  restoration  the  wood  was  sold 
to  a  wood  merchant  and  every  tree  cut  down.  At  present  the  doab  grass  is  all 
gone,  and  the  soil  is  encrusted  with  salt.  Such  an  experiment  made  among 
American  farmers  wotild  have  excited  the  keenest  interest  and  given  rise  to 
numerous  trials  of  the  same. 

32.  The  method  of  cure  by  nitrate  of    lime  as  a  manure,   suggested   by 

Dr.   Brown,   would  act  in  two  ways.    It  would  partly 
Chemical  manure.  ^  -  .  ...  j    •        j  j-.- 

serve  as  a  manure  favouring  vegetation,  and  m  addition 

it  would  act  on  the  alkaline  and   magnesian  sulphate  by  double  decomposition, 

producing  nitrate  of  alkali  and  sulphate  of  lime,  which  last  is  a  slightly  soluble 

salt  which  is  not  hurtful  to  vegetation  and  would  not  form  an  efflorescence. 

Carbonate  of  soda  would  be  similarly  neutraHsed,  but  the  sodium  chloride  would 

remain  unaltered.     The  natives  are  well  acquainted  with  this  useot  nitrous 

efflorescence,  which  can  be  distinguished  from  the  sulphate  of  soda  by  its  moist- 

ness  due  to  deliquescence  and  by  the  brown  colour  and  by  not  efflorescing  in  fine 

powder.     It  consists  mainly  of  common  salt  and  nitrates  of  lime  and  soda. 

This  production  of  nitrate  is  due  to  the  decomposition  of  nitrogenous  animal  or 

vegetable  matter,  first  producing  ammonia,  which  is  afterwards  oxidised  to  nitric 

acid.     An  essential  condition  of    the  nitrification  process  is    the  presence  of 

alkaline  carbonate,  or  carbonate  of  lime,  to  fix  the  nitric  acid.     For  example. 
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ordinaiy  dung  hec^  may  produce  plentifiil  snpplies  cyf  ammonia^  bat  no  nitrie 
acid.    Indeed,  nitric  acid,  if  present,  10  changed  by  tbe  reducing  action  of  the 
decompoBing  organic  matter  to  ammonia.     If  wood  ashes  containing  carbonate 
of  potash  or  lime  be  mixed  with  the  heap,  the  acid  becomes  fixed.     Artificial 
nitre  beds,  called  nitriereSf  or  nitre  plantations,  were  first  introdnoed  by  the 
chemists  of  France  to  supply  nitre  for  gunpowder  during  the  wars  of  the 
Beyolution,  when  the  ports  of  France  were  blockaded  by  the  English  and 
imports  preyented.     Animftl  manure  is  mixed  with  carfxmsfte  of  lime  and  wood 
ashes  and  frequently  watered  with  urine,  which  produces  much  ammonia.     This 
is  cultivated  for  two   or  three  years.    In  tropical  countries  the  production  of 
nitrates  is  more  plentiful  and  rapid.     A  manure  of  a  valuable  quality  could 
probably    be    made    by    municipalities     or  by  the    zamindars .  themselves  by 
mixing  pounded  kankar,  or  even  marly  soil,  with  manure  and  moistening  it 
frequently  during  one  or  two  hot  seasons.    If  it  were  moistened  with  liquid 
sewage,  which  would  tend  to  produce  more  ammonia,  the  production  would 
be  increased.     This  artificial  production  is  an  exact  imitation  of  what  takes 
place  naturally  in  soils  in  which  nitre  is  produced.      In  the  Punjab  nitrates 
effloresce  near  villages  where  the  soil  becomes  impregnated  with  animal  sewage, 
which  undergoes  nitrification  in  presence  of  the  carbonate  of  lime  and  alkaline 
carbonate  in  the  soiL    The  most  plentiful  supply  is  in  the  soil  on  the  mounds 
that  indicate  the  sites  of  old  villages.     This  is  the  main  source  of  the  manu&c- 
ture  of  saltpeire  in  the  Punjab.     Similarly,  near  bu&lo  ponds  and  watering- 
places  for  cattle,  where  dung  is  trodden  into  the  soil,  nitrates  effloresce  and  are 
swept  up  by  the  samindars  as  manure.    A  similar  process  no  doubt  takes  place 
when  a  field  is  well  manured  with  auimal  refuse.    The  conditions  of  the  produc- 
tion of  nitrate  of  lime  in  the  soil  are  present,  and  this  may  account  to  some 
extent  for  the  reclamation  of  alkali  soils  by  manuring  alone.     For  this  purpose 
animal  manures  would  be  far  superior  to  vegetable*    In  plants  there  is  com- 
paratively littie  nitrogenous  matter,  which  alone  can  generate  nitrates  or  ammonia. 
In  Utah  a  f avoxurite  manure  is  the  refuse  of  slaughter-houses^  which  would  be 
capable  of  supplying  large  amounts  of  ammonia  and  nitrates. 

33.  As  regards  the  uses  to  which  the  alkaK  efflorescence  might  be  put, 

sulphate  of  soda  can  easily  be  separated  by  evaporation 
and  forms  a  useful  purgative.  It  might  be  possible  to 
utilise  those  more  rich  in  alkaline  sulphate  for  the  manufacture  of  carbonate  of 
soda  for  glass  or  soap  work.  The  average  mixture  of  sodhun  chloride  and 
sodium  sulphate  resembles  the  product  of  the  first  step  of  manufacture  of  this 
carbonate^  which  is  done  by  the  addition  of  sulphuric  acid  to  common  salt.  By 
evaporation  the  sulphate  which  crystanises  out  first  in  saturated  solutions  made 
from  ^orescence  containing  excess  of  sulphate,  can  be  freed  from  most  of  the 
common  salt^  and  this  would  resemble  the  salt  cake.  The  materials  for  the  fur- 
ther reduction,  charcoal  and  lime,  would  be  readily  available,  the  latter  from  the 
kankar  beds.  Certain  [soils  contain  carbonate  of  soda  in  such  quantities  that  it 
can  readily  be  separated  by  the  crystallisation  process.  At  one  time  an  enquiry 
was  made  as  to  whether  the  nitre  manufacturers  defrauded  the  revenue  to  any 
extent  by  disposing  of  the  alimentary  salt  left  in  the  refuse  saltpetre  earth  after 
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oxtraotmg  tlie  nitre.  Samples  hare  from  time  to  time  been  forwarded  to  tliis 
office,  and  tbeee  were  found  to  contain  from  35  to  70  per  cent,  of  common  salt* 
It  would  certainly  be  possible  and  not  yery  difficult  to  obtain  a  rather  impnre 
alimentary  salt  by  rongb  crystallization  processes,  not  only  from  the  saltpetre  earth,* 
but  also  from  suitable  kinds  of  reh. 


Ths  Beh  Soils  of  ITppbb  India,  ly  H.  B.  Medlicott,  M.A«,   Oeologieat 

Survey 'of  India. 

For  some  time  I  haye  intended  to  publish  in  the  Suryey  Beoords  a  notice 
of  the  saline  efflorescence  known  as  reh^  which  has  been,  and  will  continue 
indefinitely  to  be,  a  subject  of  the  grayest  concern  to  those  interested  in  the  wel- 
fare of  North- Western  India.  The  preceding  paper,  contributed  by  Mr.  Center, 
remoyes  the  only  grounds  of  hesitation  in  the  matter — as  to  the  adequa1« 
illustration  of  the  chemical  aspects  of  the  case.  The  facts  of  this  nature  already 
ascertained  by  myself  and  others  from  the  area  affected  were,  'indeed,  safficient  to 
establish  the  case  before  a  jury  of  experts,  and  it  would  haye  been  easy  to  adduce 
further  illustration  from  analogous  conditions  elsewhere ;  but  the  men  w1m>  haye 
to  deal  with  the  matter  practically  are  yery  much  the  reyerse  of  experts,  scarcely 
eyen  belieyers,  and  it  is  of  the  greatest  importance  that  the  most  tangible  part 
of  the  eyidence,  the  hard  facts  yerifiable  by  the  balance,  should  be  set  before 
them  from  the  yery  ground  which  they  haye  to  treat.  This  has  been  done  in  » 
yeiy  satisfactory  manner  by  Mr.  Center.  It  only  remains  for  me  to  supple- 
ment his  paper  regarding  some  points  which  it  touches  on  but  slightly.  The 
question  is  truly  a  geological  one,  as  embracing  all  the  conditions  of  a  complex 
operation  now  at  work  in  producing  a  change  in  the  whole  region  affected. 
This  has  been  the  difficulty  throughout — ^to  induce  an  apprehension  of  the 
situation :  that  the  eyil  to  be  encountered  is  not  a  fixed  obstruction  of  assignable 
dimensions  and  position,  but  the  present  actiye  array  of  natural  causes  bent  upon 
fulfilling  the  effects  due  to  conditions  that  haye  superyened.  In  such  a  case  our 
best  efforts  may  be  no  more  than  palliatiye,  unless  indirectly,  by  modifying  those 
conditions,  we  can  mitigate  the  action  of  the  prime  causes. 

2.  From  times  far  earlier  than  the  date  of  British  occupation,  there  haye  been 
large  patches  of  reh-affected  ground  in  yarious  parts  of  the  Upper  Prcmnces. 
They  are  known  as  tuar  (sterile)  and  kalar  (saline)  land.  As  the  contention 
sustained  in  this  and  the  preceding  paper  is,  that  this  salt  (as  such)  was  not  an 
original  constituent  of  the  deposits  in  which  it  now  occurs,  it  would  be  interesting 
to  find  any  mention  of  the  tuar  lands  in  remote  records  of  those  districts ;  but  it 
is  not  at  all  unlikely  that  some  of  them  may  be  of  yery  ancient  origin,  from  the 
historical  point  of  yiew.  What  has  recently  (within  the  last  30  years)  brought 
the  subject  into  such  prominence  was  the  rapid  local  extension  of  reh  efflorescence 
in  connection  with  the  great  irrigation  canals  that  haye  been  constructed  in  Upper 
India.  Shortly  after  my  arriyal  at  Boorkee  (Burki),  then  the  head-quarters  of 
irrigation,  I  was  consulted  about  this  plague  of  salts ;  not,  indeed,  as  a  geologist^ 
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bnt  because  I  dabbled  in  chenuBtiy.  Samples  of  soils,  sub-soils,  and  waters  were 
sent  for  examination.  The  rougb  results  of  this  work  and  of  such  field  observations 
as  I  could  make  in  the  neighbourhood  (which  was  not  a  teh  district)  were  brought 
together  in  a  paper  for  the  Asiatic  Society,  London  (Journal,  Vol.  XX,  p.  326, 
1863).  This  paper  and  a  number  of  official  repoirts  on  the  same  subject  were 
published  as  No.  XLII  (1864)  of  the  Selections  from  the  Records  of  the  Gbvem- 
ment  of  India  in  the  Public  Works  Department^  as  "  correspondence  relating  to 
the  deterioration  of  lands  from  the  presence  in  the  soil  of  reh."  Many  other 
letters  and  reports,  such  as  that  of  the  Aligarh  Committee  in  1878,  haye  from 
time  to  time  been  printed  for  departmental  circulation ;  bxlt  the  above  is  the  Only 
information  that  I  know  of  as  available  for  general  reference. 

3.  So  early  as  1850,  in  reply  to  some  questions  with  samples  for  analysis^ 
Dr.  O'Shaughnessy  had  supplied  facts  from  which  an  understanding  of  the  whole 
case  might  have  been  evolved :  that  the  canal  water  is  remarkably  pure,  although 
containing  an  appreciable  amount  of  the  reh  salts ;  that  the  sub-soils  of  reh  land 
are  remarkably  free  from  salts ;  that  the  reh  is  accumulated  in  the  surface  soil ; 
ond  he  pointed  out  that  a  free  use  of  canal  water,  with  efficient  drainage,  would 
certainly  cure  the  evil  (2.  c,  p.  36).  No  suggestion  was,  however,  made  as  to 
how  the  reh  came  there :  so  on  this  score  full  play  was  left  for  fancy  to  suit 
the  bias  of  the  speculator*  Accordingly,  the  final  decision  passed  upon  these 
facts  by  the  Board  of  Revenue  is  recorded  as  follows  (2.  c,  p.  8)  : — "  There  is, 
then,  positive  scientific  evidence  that  the  canal  water  is  perfectly  pure,  and  the 
idea,  though  it  has  been  started  more  than  once,  cannot  be  entertained  for  a 
moment  that  the  salts  are  deposited  by  the  water  used  in  irrigation.  When 
reh  appears,  it  must  be  that  it  has  previously  existed  in  the  soil.  For  in  no 
lands  is  the  efflorescence  of  rek  so  extensive  or  so  rank  as  in  those  large  spaces 
so  common  in  all  the  villages  of  Paneeput  and  Soonput^  where  the  plough  has 
never  been  driven }  where  seed  has  never  been  cast ;  and  which,  under  the  name 
of  Jcullur  (answering  to  the  ooeur  of  the  midland  districts),  were  excluded  from 
the  malgoozaree  area,  for  the  express  reason  that  they  were  barren,  or,  in  other 
words,  had  too  much  saline  matter  in  their  soil  to  admit  of  their  being  cultivated/' 
This  judgment  gives  a  &ir  illustration  of  a  mischief  that  too  often  occurs  in  India ; 
as  must  happen  where  the  higher  administration  is  in  the  hands  of  men  who 
have  grown  into  it,  after  a  long  training  in  a  narrow  but  very  real  school  of 
virtual  omnipotence,  resulting  in  impenetrable  self-confidence;  and  who  con- 
sequently never  hesitate  to  undertake  and  pass  decisions  upon  matters  where  they 
are  quite  unqualified  to  hold  an  opinion. 

4.  Finding  that  in  this  matter  the  local  fancy  was  without  rational  bounds^ 
and  the  bias  strong  in  a  false  direction,  I  set  myself  (m  the  paper  referred  to) 
to  trace  the  source  of  the  reh ;  I  pointed  out  (Z.  c,  p.  40)  how  the  supposition 
of  any  store  of  reh  in  the  ground  was  untenable,  except  of  course  when  reh-water 
had  lodged  in  the  upper  water  table  ;  I  proved  a  case  (2.  c,  p.  43)  in  which  a 
reh  soil  had  been  produced  by  accumulation  from  a  source  no  more  abundant 
than  the  canal  water ;  I  stated  my  conviction  (I.  c,  p.  45)  that  the  old  usar  or 
kalar  lands  were  only  special  areas  of  inefficient  drainage,  lands  more  or  less 
dependent  on  evaporation  for  the  removal  of  surface  waters ;  that,  in  fact,  the 
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whole  phenomenon  of  reh  was  superficial,  due  to  the  inefficient  eircnlatioB  of  the 
atmospheric  waters  under  extreme  climatal  conditions. 

5.  The  foregoing  brief  remarks  mnst  suffice  as  a  historical  summary  of  the 
reh  question.  We  may  now,  perhaps,  assume  that  the  rational  explanation  of 
the  situation  is  accepted,  or  must  become  so ;  and  proceed  to  form  an  estimate  of 
its  conditions.  My  remarks  here  also  must  be  condensed,  referring  only  to 
the  leading  features ;  a  fuller  discussion  of  some  particulars  was  given  in  my 
reports  to  the  Aligarh  Committee  of  1878. 

6.  The  only  points  to  which  I  need  take  exception  in  the  views  set  forth  in 
the  preceding  paper,  are  those  from  which  it  might  be  inferred  thJEit  the  state  of 
things  so  much  to  be  deplored — ^no  less,  in  fact,  than  the  steadily-advancing  con- 
version of  the  choicest  lands  of  India  into  a  howling  wilderness,  such  as  now 
obtains  over  the  once  luxuriant  Mesopotamia — ^that  this  is  inevitable  from  natural 
causes.  I  have  pointed  out  these  weak  points  to  Mr.  Center,  and  he  has  permitted 
me  to  explain  them,  rather  than  undertake  to  do  it  himself  :-^It  is  correctly  stated 
that  under  certain  conditions  of  surface  configuration,  of  ground  structure,  and 
of  climate,  the  local  accumulation  of  saline  deposits  must  take  place ;  the  instances 
given  are  the  great  land-locked  basins  of  central  North  America  and  Asia.- 
The  first  condition  may  be  ignored,  as  it  is  immaterial  whether  the  surplus 
waters  are  concentrated  in  a  local  basin  or  added  to  the  briny  deep. 

7.  The  second  condition  is  important.  In  several  passages  of  paras.  14,  21, 
and  24  of  Mr.  Center's  paper,  the  strata  forming  the  plains  are  described  as 
horizontal,  so  that  the  conditions  of  drainage  approach  those  of  a  basin,  the 
underground  drainage  being  usually  imperceptible.  These  features  of  the  bhimgar 
land  are  contrasted  (para.  24)  with  those  of  the  khMar  land,  where  "  the  river 
occupies  the  line  of  natural  drainage  of  the  country,  and  its  deposits  are  parallel 
to  the  line  of  slope,"  underground  drainage  taking  place  freely ;  and  this,  although 
the  kh^ular  valley  is  truly  described  as  cut  out  by  recent  erosion  from  the  old 
alluvial  plain.  The  small  apparent  contradiction  here  is  easily  explained :  the 
ground  surface  in  the  khddar  is  almost  always  of  very  recent  sandy  deposits, 
the  surface  of  actual  erosion  being  confined  to  the  present  river  channel ;  but 
there  is  a  real  and  greater  misconception  which  it  is  needful  to  insist  upon. 
It  is  not  questioned  that  the  plains  themselves  are  river  deposits;  their 
surface,  too,  lies  appreciably  paraUel  to  that  of  the  actual  river  beds  throughout ; 
BO  it  is  not  intelligible  how  the  lie,  or  the  composition  of  the  strata,  can  be  sup- 
posed so  different  from  those  of  the  actual  rivers.  In  the  process  of  land 
formation  by  rivers,  of  which  the  plains  of  India  afford  such  a  striking  example, 
there  does  occur  partially  the  production  of  local  basins.  From  the  diluvial  zone, 
where  the  torrents  are  discharged  from  the  mountains,  to  the  more  exclusively 
alluvial  region  of  the  delta,  a  partial  sorting  process  takes  place  in  the  river 
deposits.  The  coarser  materials,  which  in  the  former  position  are  boulders 
and  gravel,  and  in  the  latter  fine  sand,  become  thrown  down  wherever  the  velo- 
city is  checked  and  along  the  margin  of  overflow,  thus  forming  the  banks  between 
which  the  river  flows,  whether  in  a  single  channel  or  through  several  distribu- 
taries, often  at  a  higher  level  than  adjoining  ground  separating  the  channels. 
These  intra-fiuvial  areas  become  for  the  time  swamps  or  temporary  lakes  in 
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'which  some  deposition  of  finer  sediments  occnrs  more  or  less  in  basin  fashion  ; 
but  they  principallj  become  filled  np  bj  the  invasion  of  the  river  to  find  a  lower 
level ;  when,  at  least  on  the  line  of  the  new  channels,  there  mnst  be  consider- 
able removal  and  nltimate  replacement  of  any  finer  sediments.  In  this  way  it 
seems  probable  that  in  the  growth  of  the  river  plains,  it  is  rare  for  any  large 
area  to  escape  being  traversed  by  a  channel  of  considerable  magnitade,  or  for 
such  areas  to  be  filled  np  by  deposits  in  which  the  slope  of  the  river  itself  is  not 
on  the  whole  maintained.  The  original  usar  plains  may  have  been  such  excep- 
tional areas,  in  which  therefore  special  local  obstruction  existed  to  underground 
drainage.  It  must,  indeed,  be  admitted  that  the  actual  subsoil  drainage  of  the 
plains  is  usually  imperceptible ;  but  this  seems  to  be  directly  accounted  for  by 
what  is  the  head  and  front  of  the  complaint  regarding  reh:  that  owing  to 
shallow  cultivation,  to  the  sun-baked  condition  of  the  surface,  and  to  i^e  absence 
of  any  considerable  tree  vegetation,  the  rainfall  can  only  soak  to  a  small  depth, 
the  remainder  running  to  waste  oft  the  surface,  or  being  taken  up  again  by 
evaporation.  For  efficient  drainage  there  must  be  efficient  penetration  to  supply 
it  withal :  and,  deficient  percolation  of  water  through  the  soil  and  the  sub-soil  to 
the  ground  beneath  is  the  condition,  in  default  of  which  the  growth  of  reh  is 
inevitable.  It  would,  of  course,  be  easy  to  imagine  circumstances  more  favourable 
to  drainage  than  are  those  of  the  gently-sloping  alluvial  deposits  of  these  plains ; 
but  it  seems  to  me  that  reh  being  in  part  a  necessiiy  of  the  groxmd  stmcture 
here,  cannot  be  sustained. 

8.  There  remains  the  condition  of  climate,  which  is  the  active  element  of  the 
combination.  It  is  represented  (para.  15)  as  being  analogous  to  that  of  the 
typical  eases  cited,  only  intensified  by  heat.  Here,  again,  I  have  to  admit  the 
actuality,  but  as  a  charge  against  nature  it  is  even  more  untenable  than  the  last. 
There  is  contrast  rather  than  correspondence  between  the  physical  surroundings 
of  India  and  those  of  the  typically  arid  tracts  mentioned.  In  these,  aridity  is 
indeed  more  or  less  inevitable,  for  the  life-giving  moisture  hardly  approaches 
them,  being  to  a  great  extent  abstracted  from  the  air  currents  before  they  reach 
these  areas.  But  India  is  on  two  sides  bounded  by  a  reeking  caldron  of  tropical 
ocean ;  and  on  the  third  there  is  a  great  air-elevator,  flanked  by  a  huge  con- 
denser, sending  back  upon  her  plains  almost  every  drop  of  the  water  that  had 
previously  floated  over  them,  rex)elled  to  a  very  large  extent  by  the  accumulated 
heat  of  the  bare  and  parched  ground  surface.  The  endeavour  to  make  these 
returning  waters  do  duty  for  rainfall  must  be  a  very  poor  substitute  for  the  due 
reception  and  conservation  of  them  in  this  form  in  the  first  instance.  It  can 
scarcely  be  questioned,  that  left  to  nature,  every  foot  of  our  Indian  deserts  wi>uld 
now  have  been  covered  with  perennial  verdure,  and  that  the  present  desola- 
tion is  the  result  of  the  devastating  proclivities  of  a  worse  than  savage  mankind. 
It  may,  too,  be  affirmed  that  with  time  the  blessings  of  nature  might  be  restored. 
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NOTR   ON  THE   NaINI   TaL   LANDSLIP   (18tH   SfiPTBMBBR   1880),   hy 

R.  D.  Oldham,  A.B.S.M.,  Geological  Survey  of  India. 

On  Saturday,  the  18th  of  September,  at  half  past  one  in  the  afternoon,  after 
more  than  thirty-six  hours  of  heavy  continuous  rain,  a  portion  of  the  hill  forming 
the  north-east  slope  of  the  yalley  of  Naini  Tal  fell,  sweeping  away  several 
houses,  and  causing  the  death  of  43  Europeans  and  more  than  150  Natives. 

Briefly  told,  the  story  of  the'slip  is  this :  On  the  morning  of  the  18th,  at  ten 
o'clock,  a  small  slip  occurred  behind  the  Victoria  Hotel,  buiying  part  of  the  build- 
ings in  which  were  some  Natives  and  an  European  child.  A  party  of  volunteers 
and  a  working-party  from  the  dep6t  were  soon  on  the  spot^  but  after  a  while  the 
greater  portion  of  the  latter  were  withdrawn.  After  rescuing  all  that  there 
seemed  any  probabiliiy  were  still  alive,  they  found  that  the  house  was  in  danger 
of  being  washed  away  by  a  stream  of  water,  and  so  turned  their  attention  to  the 
diversion  of  the  stream  ;  and  while  engaged  in  this,  the  great  slip  came  down  and 
overwhelmed  them.  It  is  possible  that  the  wash  of  this  diverted  stream  may 
have  directly  contributed  to  bringing  down  the  landslip,  but  it  seems  to  me  very 
improbable  that  it  had  any  such  effect ;  at  most  it  can  but  have  listened  the 
catastrophe  by  a  few  hours. 

The  part  of  the  hill  which  has  f  aUen  extends  up  to  the  old  Government  House, 
marked  as  such  on  the  map.  From  here  the  western  boundary  runs  down  a  little 
to  the  east  of  Marshal  Cottage  and  Charlton ;  the  eastern  boundary  passes  down 
just  to  the  east  of  the  Victoria  Hotel.  The  mass  of  debris  which  has  fallen  from 
the  hill  extends  over  the  level  ground  at  the  head  of  the  lake,  as  &r  as  the  Assem* 
bly  Booms,  of  which  but  the  southern  end  remains  standing. 

The  slip,  as  it  at  present  stands,  stretches  in  a  long,  gentle  slope,  which,  omitting 
irregularities  of  surface,  is  not  more  than  15°  up  to  where  the  old  Victoria  Hotel 
stood;  from  there  it  rises  in  a  steep  slope  of  25^  or  so,  and  at  the.  top  comes  a  short 
space  nearly  vertical.  This  steep  slope  is  formed  by  the  small  slopes  of  drier  debris 
which  fell  after  the  great  one.  The  total  length  of  the  slip,  measured  horizontally, 
is  about  600  yards,  of  which  over  300  are  occupied  by  the  gentle  slope^  and  the 
remainder  are  more  or  less  steep. 

The  hiU  on  the  north-east  of  the  lake  consists  of  more  or  less  imperfectly- 
cleaved  clay  slates,  occasionally  showing  signs  of  an  initial  metamorphism  into 
schist^  but  for  the  most  part  a  simple  clay  slate*  The  dip  is  very  disturbed,  and 
varies  much  in  different  parts  in  close  proximity  to  each  other ;  but  the  general 
dip  is  to  the  south-west.  The  rock  also  is  traversed  by  very  numerous  joint 
planes,  which  cause  it  to  split  up  into  innumerable  fragments  under  the  action 
of  the  weather. 

Although  the  whole  of  the  ridge  boxmding  the  Naini  Tal  valley  on  the  north- 
east is  practically  one  as  regards  its  internal  structure,  yet,  superficially,  the 
south-east  portion  is  very  different  from  the  north-west.  Looking  from  the  head 
of  the  lake,  or,  still  better,  from  near  the  old  Government  House,  one  cannot  fail 
to  be  struck  by  the  difference  of  profile ;  towards  the  lower  end  of  the  lake  the  hill 
sweeps  down  at  an  even  slope  of  about  25°  from  almost  the  top  down  to  the  level 
of  the  lake,  while  nearer  the  spot  where  the  landslip  took  place  there  is  a  peculiar 
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bulged  appearance  of  the  hill,  which  makes  the  slope  steeper  near  the  bottom 
than  it  is  higher  np,  being  occasionally,  as  above  the  mission  premises,  as  steep 
as35^ 

These  two  areas  can  be  recognised  on  the  map;  the  even  slope  near  the 
lower  end  of  the  lake  is  drained  by  innumerable  channels  running  almost  straight 
down  the  hill,  while  on  the  bulged  portion  the  streams  are  fewer  and  their 
courses  not  nearly  so  directly  down  the  hilL 

The  cause  of  this  bulged  appearance  I  take  to  be  as  follows :  By  the  action 
of  the  weather  the  face  of  the  hill  gets  covered  with  a  greater  or  less  thickness  of 
decomposed  rock,  which,  as  already  explained,  weathers  into  a  mass  of  'small 
fragments.  The  rain  water,  whicb  obtains  access  to  the  interior  of  tbe  hill,  for  the 
most  part  keeps  in  this  decomposed  layer  and  flows  down  at  a  short  distance  from 
the  Burhice,  passing  out  again  lower  down  in  the  springs  whicb  exist  in  numbers 
over  this  hill,  and  a  large  part  doubtless  percolating  downwards  reaches  the  lake 
without  coming  to  the  surface.  The  presence  of  large  quantities  of  water  among 
this  decomposed  rock  must,  by  making  it  more  mobile,  assist  in  producing  that 
phenomenon  which  is  seen  in  any  mass  of  debris  lying  at  a  slope,  whether  it  be 
wet  or  dry,  namely,  the  gradual  passage  of  sucb  debris  down  the  slope  under  the 
influence  of  gravity ;  that  some  moyement  of  the  debris  down  the  slope  takes 
place  after  heavy  rains,  seems  certain,  as  is  shown  by  cracks  appearing  in  the 
surface  of  the  hill  side,  the  lower  side  of  which  subsides  slightly.  Now  on  a 
level  surface  the  action  of  gravity  can  have  no  effect  in  producing  any  motion, 
while  on  a  slope  the  force  tending  to  produce  such  motion  varies  directly  as  the 
resultant  of  the  vertical  force  of  gravity  acting  directly  down  the  slope,  that  is,  it 
varies  as  the  sine  of  the  angle  of  inclination.  Suppose,  then,  an  even  slope 
passing  near  its  base  into  level  ground,  and  that  slope  covered  with  debris ;  the 
debris  slides  slowly  down  the  hill,  but  on  the  steeper  parts  of  the  slope  it  must  do 
so  faster  than  near  the  bottom,  where  the  slope  is  less  and  there  is  the  resistance 
of  the  debris  lying  on  the  level  to  be  overcome,  which  csn  only  be  done  hj  a  vis 
a  tergOf  an  impulse  from  behind.  The  debris  coming  slowly  down  from  above 
and  meeting  with  this  obstacle  gradually  accumulates  till  it  causes  a  bulging  of 
the  slope  towards  its  base,  which  goes  on  increasing  till  the  lower  part  of  the 
hill  is  so  steep  that,  to  use  a  colloquial  phrase,  *^  it  is  touch  and  go"  whether 
the  hill  can  stand  or  not;  then  a  burst  of  rain  heavier  than  usual  comes, 
the  head  of  water  is  increased,  the  force  of  the  water  flowing  out  near  the 
bottom  is  increased,  it  begins  to  wash  away  the  debris  near  the  bottom  till 
the  support  being  removed  from  below  small  slips  begin  to  fall ;  then  a  few 
larger,  and  finally  comes  the  great  slip,  which  brings  down  the  outer  crust 
of  half  the  hill  side,  leaving  a  precipitous  border  round  that  part  from  which  it 
has  come ;  finally,  the  great  slip  is  followed  by  smaller  ones,  which  leave  the  hill 
with  a  pretty  uniform  slope  from  top  to  bottom  for  the  whole  process  to  begin 
again.  Such  I  believe  to  be  the  history  of  one  of  these  landslips  where  there  is 
no  stream  cutting  at  the  base  of  the  hill ;  where  that  is  the  case,  slips  may  be 
formed  at  any  time  by  the  cutting  away  of  the  foot  of  the  slope. 

The  slip  under  consideration  has  followed  veiy  much  the  course  pointed  out ; 
the  bulging  had  reached  the  critical  point :  all  through  last  rains  small  slipa 
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occurred ;  on  the  18th  a  larger  one  fell,  shortly  to  be  followed  by  the  great  land- 
slip, which  was  itself  followed  by  one  or  two  minor  ones,  though  the  process  of 
smoothing  down  the  slope  has  not  yet  been  completed. 

Applying  this  hypothesis  to  the  determination  of  the  question  of  how  much 
of  this  same  ridge  must  be  pronounced  as  unsafe  and  liable  to  slippage,  we 
must  condemn  the  hill  side  from  a  line  running  upwards  from  the  bank-house  to 
a  similar  line  running  down  from  a  little  to  west  of  Fairlight  Hall,  it  being  all 
more  or  less  bulged ;  of  this,  that  part  extending  from  the  old  landslip  to  the 
stream  flowing  down  to  the  east  of  the  Mission  premises  must  fall  in  a  few  more 
years,  but,  with  this  exception,  a  judicious  system  of  revetment  of  the  torrent 
beds  and  a  complete  system  of  drainage  of  the  cleared  sites  will  do  much  to 
prolong  the  existence  of  the  present  hill  side. 

As  regards  the  slopes  below  Ghf na,  there  is  but  little  chance  of  such  a  slip 
taking  place ;  these  slopes  are  the  talus  of  the  steep  scarp  of  China,  and  are 
oontinnally  receiving  additions  from  above,  and  though  on  them  there  may  be 
danger  from  the  large  boulders  which  occasionally  fall  from  China,  the  slopes 
pass  ofE  so  gently  into  the  comparatively  level  ground  at  the  head  of  the  lake,  and 
are  moreover  concave  rather  than  convex  in  profile,  that  I  consider  the  pro- 
bability of  any  of  them  forming  a  large  slip  to  be  very  small  indeed. 

Many  interesting  points  might  doubtless  be  elicited  as  to  the  manner  in 
which  the  mass  moved,  were  there  any  satisfactoiy  accounts  of  eye-witnesses ;  but 
such  there  are  not,  and  for  the  same  reason  that  it  is  almost  impossible  to  get  a 
trustworthy  account  of  a  great  earthquake,— the  thing  is  so  sudden  and  so  awful 
that  none  but  trained  observers  can  keep  their  presence  of  mind  necessary  for 
making  those  exact  observations  which  only  can  be  of  any  scientific  use* 

The  only  points  which  can  be  satisfactorily  established  are^  that  the  whole 
fall  must  have  been  over  in  less  than  quarter  of  a  minute,  and  that  the  Victoria 
Hotel  and  Bell's  Shop  (Racquet  Court)  were  carried  along  some  distance  before 
they  fell ;  in  the  latter  case  there  is  proof  of  the  fact,  inasmuch  as  the  ruins  ai*e 
now  some  yards  from  the  spot  on  which  the  building  originally  stood.  As  the 
ground  on  which  both  these  buildings  stood  consisted  entirely  of  debris,  locally 
known  as  '  shale, '  which  must  have  been  saturated  with  water  after  the  heavy 
rains  which  for  thirty  hours  and  more  had  been  pouring  into  it,  it  is  not  surpris* 
ing  that  when  the  wreck  of  the  hill  side  was  precipitated  on  to  it,  it  should  yield 
as  a  semi-fluid  body  would  do  and  float  the  buildings  for  some  little  distance 
before  the  actual  slip  overtook  and  overwhelmed  them.  That  the  whole  mass 
must  have  been  in  a  semi-fluid  state  from  the  amount  of  water  contained  in  its 
substance,  is  shown  by  the  low  angle  at  which  it  now  lies,  and  by  the  &ct  that 
those  who  ventured  on  to  the  fallen  mass  immediately  after  its  fall  sank  np  to 
their  knees  in  the  slushy  aa  iti  has  been  described. 

Doubtless,  the  point  of  most  scientific  interest  in  connection  with  this  land- 
slip is  its  bearing  on  the  theory  of  lake  formation  by  landslips.  One  of  the 
principal  objections  raised  to  the  supposition  that  the  barrier  at  the  outlet  of 
Naini  Tal,  for  instance,  can  be  formed  by  a  landslip  is,  that  those  slips  '*  possessed 
of  most  mobility,  from  the  greater  fluidity  of   their  composition,   ai'e  in  the 
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precise  ratio  of  such  fluidity  least  capable  of  •  •  bearing  upon  iheir 
surface  craggj  massea  of  rock,  sncli  as  I  should  term  erratLcs"  (ftepro,  p.  165). 
The  examination  of  the  landslip  under  consideration  disposes  of  this  objection ; 
for  though  most  certainly  such  '  craggy  masses  of  rock '  were  not  bom  on  the 
surface  of  the  semi-liquid  mass,  yet  there  were  numbers  such  floated  in  its  sub- 
stance, many  of  which  now  show  at  the  surface,  several  being  9  or  10  feet  in  length 
exposed  ;  and  I  have  no  hesitation  in  saying  that  were  this  landslip  on  a  larger 
scale — for  it  must  not  be  forgotten  that  compared  with  several  others  in  the 
hills  around  it  is  insignificant  in  size — and  left  untouched  by  the  hand  of  man,  it 
would,  when  cut  into  by  rain  and  streams,  show  many  if  not  all  those  features 
which  are  supposed  to  be  especially  cluiracteristic  of  a  moraine. 

As  to  the  question  whether  the  barrier  of  the  Naini  Tal  basin  is  a  landslip 
or  a  moraine,  I  shall  not  here  enter  into  its  discussion ;  this,  however,  I  must  say, 
that  the  profile  of  the  slope  to  the  east  of  the  outlet  bears  every  appearance 
indicative  of  a  large  landslip  having  fallen  there.  On  the  hill  side  there  is  no 
bulging,  but  a  straight  sweep  down  to  a  comparatively  level  terrace,  through 
which  the  stream  forming  the  outlet  of  the  lake  has  cut  down  for  some  distance. 
Whether  the  lake  was  formed  by  the  landslip,  or  whether  this  was  subsequent  to 
the  formation  of  the  lake,  I  am  not  prepared  to  assert  dogmatically ;  but  this 
I  believe,  that  in  past  times  there  has  been  a  great  landslip  from  the  slopes  of  the 
Kalikhan,  and  that  on  this  old  slip  are  placed  the  hospital  and  convalescent  depot. 

The  recent  slip  shows  clearly  that  a  large  landslip  can  extend  across  and  fill 
up  a  valley,  and  at  the  same  time  may  show  that  mixture  of  rocks  of  all  sizes 
which  forms  one  of  the  chief  features  of  a  moraine ;  and  it  is  not  improbable 
that,  under  favourable  circumstances,  it  might  resist  the  wash  of  a  stream  over 
it  and  so  form  a  permanent  lake.  In  the  case  of  Mulwa  Tal,  one  would  certainly 
suppose  from  the  look  of  the  ground  that  if  its  existence  is  not  due  to  a  landslip, 
yet  the  level  of  the  water  must  at  one  time  have  been  raised  some. twenty  or  thirty 
feet  higher  than  it  now  stands,  by  a  great  landslip  which  has  undoubtedly  &Uen 
from  the  hills  to  the  east  of  the  outlet  in  times  which  may  not  date  further  back 
tban  one  or  two  hundred  years,  and  are  certainly  later  than  much  that  geologists 
would  speak  of  as  recent. 

But  if  a  lake  is  to  be  formed  by  a  landslip,  it  must  not  merely  be  one  of 
those  which  are  everywhere  to  be  seen,  caused  by  -the  cutting^  of  a  stream  into 
the  base  of  the  slope,  but  rather  one  of  those  which  take  many  years  and  even 
centuries  preparing,  as  has  been  the  case  with  this  small  one  at  Naini  Tal,  and 
which  when  they  fall  do  not  come  down  in  a  stream  of  fragments,  but  with  one 
great  rush,  which  would  carry  them  right  across  the  valley  and  raise  the  surface 
to  such  a  height  that,  by  the  time  the  dammed-up  water  reached  high  enough  to 
overflow,  the  debris  would  have  had  time  for  the  water  mixed  with  it  to  drain  oft 
somewhat,  and  would  have  settled  down  sufficiently  to  withstand  the  wash  of  the 
stream  running  over  it.  Such  cases  have  been  known,  but  tlie  dam  has  always 
given  way ;  yet  it  is  not  inconceivable  that  in  some  cases  which  have  happened 
in  that  remote  past^  of  which  wo  have  no  knowledge  but  what  is  written  in  the 
rocks,  some  few  barriers  so  made  were  able  to  stand  and  form  what  are  now 
knowu  aa  the  Kumaun  lakes. 
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Yet  it  moBt  always  be  kept  in  mind  tliat  no  theory  wiiicb  can  be  put  forward 
to  account  for  their  formation  can  be  considered  satisfactory,  nnless  it  also 
accounts  for  the  absence  of  similar  lakes  in  other  parts  of  the  Himalayas  ;  for  it  is 
no  explanation  to  say  that  this  is  due  to  the  smallness  of  the  drainage  areas  which 
sapply  the  lakes,  and  the  consequent  small  size  of  the  streams  flowing  from  them, 
for  other  portions  of  the  Himalaya  are  not  devoid  of  small  streams,  nor  can  that 
which  flows  from  Mnlwa  Tal  be  called  small. 


NOTE. 

My  yonngest  collcngne,  Mr.  Richnxd  D.  OldHaro,  happening  to  be  in  Kamann  at  the  time, 
I  asked  him  to  give  ne  an  account  of  the  disastrona  landslip  at  Naini  Tal.  The  foregoing  ex* 
cellent  paper  is  the  resalt.  It  is  Mr.  Oldham's  first  oontribation  to  the  pablications  of  the 
Survey  ;  and  the  accurate  obeervation,  strict  reaaomng,  and  good  form  it  evinces,  give  high  promise 
of  fruitful  work  te  come. 

It  will  not  be  amiss,  on  an  occasion  of  such  vital  interest,  to  add  a  few  remarks  that  occur  to 
me,  especially  as  suggested  by  the  report  of  the  Committee  appointed  by  the  Local  Government 
to  enquire  into  the  condition  of  the  Sherka-danda  hill,  a  copy  of  which  was  sent  to  me  dficially 
at  about  the  same  time,  'for  information. '  The  portion  of  the  hill  marked  by  the  Committee  as 
presently  dangerous  corresponds  very  nearly  with  that  indicated  by  Mr.  Oldham ;  but  their  ob- 
servations would  seem  to  have  a  wider  extension,  and  to  involve  a  larger  area  of  aifected  ground. 
Mr.  Oldham  was  only  there  for  a  few  days,  on  his  way  to  take  up  work  for  the  season  in  Sirmnr, 
and  he  probably  confined  his  attention  to  the  particulars  of  the  event  under  discussion.  I  did  not 
instruct,  or  expect,  him  to  do  more  than  he  has  done^  the  Bumj  not  having  been  called  upon  for 
an  examination  of  the  ground.     * 

It  would  be  understood  from  the  report  of  the  Committee  that  the  surface  cracks,  justly 
regarded  as  symptomatic  of  failing  ground,  occur  much  beyond  the  area  condemned,  also  the  Com- 
mittee's description  of  the  geological  structure  of  the  hill  would  be  taken  in  the  same  sense ;  it  b 
as  follows : — "  To  the  ordinary  observer  the  hiU  seems  to  consist  of  a  core  of  rocky  shale,  the  dip 
of  the  strata  being  to  the  south-west,  at  an  angle  varying  from  80^  to  60^.  This  core  is  covered  by 
varying  thicknesses  of  disintegrated  shale  and  mud,  in  which  are  scattered  boulders  of  limestone^ 
and  occasionally  of  trap^  the  whole  of  this  crust  beiDg  in  its  natural  ttate  bound  together  by  a 
luxuriant  gprowth  of  grasses,  shrubs,  and  trees."  It  does  not  appear  that  this  is  thought  an  unusual 
composiUon  for  the  crest  of  a  steep  ridge,  7,000  feet  in  elevation.  As  applied  to  the  dang^erous 
ground,  it  would  exactly  suit  the  conditions  described  by  Mr.  Oldham — the  decomposed  clay-slate 
creeping  down  the  hill  side,  carrying  with  it  blocks  detached  from  the  occasional  outcrops  of  harder 
rocks.  It  is  scarcely  possible  under  the  circumstances  that  such  a  crust  could  be  rock  in  sUu^  whether 
an  enveloping  shell  of  some  unconformable  deposit,  or  a  condition,  however  decomposed,  of  the  rocks 
described  as  the  '  core.'  It  can*  in  snob  a  position,  only  have  been  formed  from  these  latter  by 
displacement,  being  either  the  remains  of  an  old  landslips  or  the  material  in  order  of  active 
preparation  for  a  slip  to  come.  In  the  former  case  the  ground  may  be  perfectly  safe^  in  the  latter 
it  would  be  at  least  doubtfuL  If,  then,  this  description  applies  extensively,  as  might  be  inferred 
from  the  Committee's  report,  the  matter  may  be  worth  further  consideration ;  for  the  premonitory 
'  bulging,'  so  effectively  detected  and  described  by  Mr.  Oldham,  may  not  be  a  necessary  part  of  the 
performance.  In  the  case  of  the  condemned  area,  that  feature  is  reasonably  ascribed  to  the 
resistance  so  well  presented  at  the  base,  where  the  dope  tails  off  into  the  flat  ground  at  the  head  of 
the  kke ;  but  where  this  condition  does  not  obtain,  as  along  the  lake  shore  to  the  south-east, 
a  crisis  might  occur  without  that  visible  warning,  although  there  would  be  every  reason  to  expect 
it  to  be  mild  in  comparison  to  what  happens  when  an  accumulation  has  occurred  by  bulging. 

Altogether,  it  is  by  no  means  unreasonable  to  hope  that  the.  practical  judgment  of  the  Com* 
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miitee  may  be  well  founded — that,  except  in  ihe  proecribed  ground,  eecnritj  can  be  insured  by 
proper  precautionary  measurea.    Mr.  Oldham  has  ezpreaaed  the  aame  opinion* 

In  the  80th  September  number  of  Nature,  a'propoe  of  the  Naini  Tal  catastrophe^  there  is  m 
picturesque  description  of  landslips  in  general.  The  writer  is  evidently  thoroughly  informed 
upon  the  subject  he  treats  of,  although  grievously  in  error  regarding  the  geological  conditioa 
of  Kaini  Tal^  which  is  described  as  on  the  tertiary  rocks.  This  mistake  is  unaccountable ;  for 
the  place  is  clearly  shown  on  our  geological  sketch-map  of  India  as  inside  the  Sub-Himalayan 
boundary.  From  the  foregoing  notice  it  will  be  plidn  that  the  Naini  Tal  slip  cannot  be  classed 
with  any  of  the  particular  cases  mentioned  in  Nature.  I  have  seen  no  fact  to  suggest  that  there 
is  any  predisponng  plane  of  stratification  connected  with  these  slips.  The  contrary  may,  indeed, 
be  affirmed;  for  although  the  general  dip  of  the  strata  is  stated  to  be  south-westerly,  the  fre- 
quent  contortion  these  slates  have  undergone  almost  forbids  the  supposition  of  a  continuous 
surface  of  any  extent  in  a  fixed  direction,  such  as  is  implied  by  tbe  action  in  question. 

The  Naini  Tal  landslip  of  the  18th  September  was  in  factkO\cept  on  the  score  of  mischief, 
a  comparatively  small  affair,  considerably  less  in  magnitude,  as  mentioned  in  Ifr.  Oldham's  paper* 
than  several  others  that  occurred  at  the  same  time  in  the  Kumaun  hills. 

H.  B.  MBDLIGOTT. 
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Das  Ausland,  Nos.  23—85  (1880),  Boy.  8vo,  Stuttgart 

Oeolo^cal  Magazine,  New  Series,  Decade  II,  YoL  VII,  Nos.  7 — 9  (1880),  8vo.,  London. 

Iron,  Vol.  XV,  Nos.  387—389,  and  XVI,  Nos.  390—398  (1880),  foL,  London. 

Jahresbefte  des  Vereins  fur  vaterlandische  Naturkunle  in  Wurttemberg,  Jahrg.  XXXVI. 
(1880),  8vo,  Stuitgart. 

Journal  de  Concbyliologie,  3rd  Series,  Vol.  XX,  No.  2  (1880),  8to,  Paris. 

Journal  of  Science,  3zd  Series,  Vol.  II,  Nos.  79—81  (1880),  8vo,  London. 

Just,  Db.  Lbop.  Botaniscber  Jahresbericbt,  Jabrg.  VI,  Abtb  I,  beft  1  (1880),  8fo,  Berlin. 

London,  Edinburgb,  and  Dublin  Pbilosopbical  Magazine  and  Journal  o£  Science,  5tb  Series, 
Vol.  X,  Nos.  59—61  (1880),  8vo,  London. 

Mining  Joumiil,  witb  Supplement,-  Vol.  L,  Nos.  2337—2348  (1880),  fol.,  London. 

Nature  NoTitates,  Nos.  11—15  (1880),  8vo,  Berlin. 

Nature,  Vol.  XXII,  Nos.  554-565  (1880),  4to,  London. 

Neues  Jahrbuoh  far  Mineralogie,  Oeologie  und  Paleontologie,  Band  II,  beft  1  and  2  (1880), 
870,  Stuttgart 

PakBontographica,  Band  XXVI,  Lief  5  and  6  (1880),  4to,  CSassel. 

Petermann's  Geograpbiscbe  Mittbeilungen,  Band  XXVI,  Nos.  6 — 8  (1880),  4to,  Chytba. 

Professional  Pftpers  on  Indian  Engineering,  2nd  Series,  VoL  IX,  Nos.  37  and  37 A,  Supple- 
ment (1880),  8to,  Boorkee. 

ThOICASOK  CoLLBOB  OV  CiTIt  EVGINBBBIHO. 

Quarterly  Journal  of  Microscopical  Sdenoe,  New  Series,  Vol.  XX,  No.  79  (1880),  8vo,  London. 
Zeitscbrift  fur  die  Qesammten  Naturwissenscbaften,  3rd  Series,  VoL  IV,  beft  1—6  (1879),  8vo, 
Berlin, 

GOVEBNHENT  SELECTIONS,  Ac. 

Bombay. — Gazetteer  of  tbe  Bombay  Presidency,  Vols.  V  and  VI  (1880),  8to,  Bombay. 

Bombay  Gotbbnmbkt. 

„  Selections  from  tbe  Records  of  tbe  Bombay  GoYemment  New  Series,  No.  153. 
Papers  relating  to  tbe  completion  of  tbe  SurYey  and  Settlement  of  the 
City  of  Broacb  (1880),  Syo,  Bombay. 

BoMBiT  GoYBBmaeKT. 

IvDTA. — Annual  Administrafion  Beport  of  the  Manipur  Agency  for  1878-79,  No.  168  (1880), 

8vo,  Calcutta. 

FOBBIOK  DbPABTKBKT. 

„  Damant,  G.  H. — Report  on  tbe  Administration  of  the  District  oi  tbe  Naga  Hills  for 
1878-79  (1879),  8vo,  Calcutta. 

FOBBIOK   DBPABTMBNT. 
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the  AdminiBtration  of  the  Khui  ai 
J.  F.  Sberer  (1S79),  Svo,  Calcutta. 


India.— Reoort  on  the  AdminiBtration  of  the  Khasi  and  Jaintia  Hills  for  1878-79,  by  Col. 


FoBBIOy   DEPA.RTMBNT. 

M      Walkbb,  Major-Gbnbbal  J.  T. — General  Report  on  the  Operations  of  the  Survey 
of  India  daring  1878-79  (1880),  flsc.,  Calcutta. 

Homb.  Rbv.,  &  AoBi.  Dbpabtmbnt. 

„      General  Report  on  the  Operaiiona  of  the  Marine  Survey  of  India  for  the  year 
1878-79  (1880X  flsc.,  Calcutta. 

Mabinb  Dbpabtmbnt. 

„      List  of  Officers  in  the  Survey  Departments  on  the  1st  July  1880  (1880),  flsc.,  Cal- 
cutta. 

lIoMB,  Rbt.,  &  AoBT.  Dbpabtmbnt. 

„      BtANPOBB,  H.  F.^Report  on  the  Meteorology  of  India  in  1878  (1880X  4to, 
Calcutta. 

Mbtbob.  Rbpobtbb  to  Govt,  of  India. 

„      Registers  of  original  observations  in  1879,  reduced  and  corrected,  April  to  June 
1879  (1880),  4to,  Calcutta. 

Mbtkob.  Rbpobtbb  to  Govt,  of  India. 


TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SITRVEYS,  Ac. 

Babbl. — Abhandlungen  der  Schweizerisohen  Palaontologischen  Gesellschaftk  Vol.  Yl  (1879), 

4to,  Basel. 
BATAYiA^^Natuurkundig  Tijdschrifl  voor  Nederlandsoh-Indie,  Deel  XXXIX  (1880),  8vo, 

Batavia. 

Thb  Socibtt. 

„  Yerhandelingen  van  het  Bataviaach  Genootschap  van  kunsten  en  Wetensohappen, 

Deel  XXXIX,  Stuk  2,  and  XU,  1  (1880),  8vo,  Batavia. 

Tab  Socibtt. 

Tijdschrtfl  voor  indische  Taal-Land-en  Volkenkundc,  Deel  XXV,  Afl.  4-6,  and 
XXVI,  Afl.  1  (1879.80),  8vo»  BaUvia. 

Thb  Socibtt. 

Notulen  van  de  Algemeene  en  Bestnurs-vergaderingen  van  het  Bataviaasch 
Genootschap  van  kunsten  en  Wetensohappen,  Vol.  XVII,  Nos.  2-4  (1879), 
8vo,  Batavia. 

Thb  Socibtt. 

Register  op  de  Notnlen  der  Vei^gaderingen  van  het  Bataviaasch  Genootschap, 
1867—1878  (1879),  8vo,  Batavia. 

Thb  Socibtt. 

• 

BBBLiN.-^Monatsbericht  der  Eonig.  Preussischen  Akademie  der  Wissenschaften  zu  Berlin, 

February  to  May  (1880),  8vo,  Berlin. 

Thb  Acadbmx. 

Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXXII,  heft  1  (1880), 
8vo,  Berlin. 

Thb  Socibtt. 
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Bombay.— Journal  of  ihe  Bombay  Branch  of  the  Royal  Aaiatic  Society,  Vol.  XIY,  No.  37, 

(1880),  8yo,  Bombay. 

The  Socixtt. 

Bbussbls.— Bulletin  de  la  Soci^t^  Beige  de  Geographic,  No.  2  (1880),  870,  BmBsels. 

Thb  Socibtt. 

„  Ebtbobk,  O.  tan.— Tezte  Explicatif  du  Lev^  Q^logiqne  de  la  Flanchette  de 

Boom  et  d'  Anvers,  with  maps  (1880)  8vo,  Bmxelles. 

Comic,  d.  Cabtb  Gbolooique. 

„        Vblgx  M.  G. — ^Notice  explicative  eerrant  de  complement  a  la  carte  G^ologique 
dee  Environs  de  Lennick,-8t.-Quentin,  withamap  ^1880),  8vo,  Brussels. 

Geol.  Comm.,  Belgium. 

Budapest. — Mittheilungen  aus  dem  Jahrbuche  der  Kon.  Ungar.  Geologischen  Anstalt-  Band 

III,  heft  4  (1879),  8vo,  Budapest. 

The  Ivstituts. 

Caen. — Bulletin  de  la  Society  Linn^enne  de  Normandie,  3rd  Series,  Vols.  I  &  II  (1877-78), 

8yo,  Caen. 

The  Society. 

Calcutta.— Journal  of  the  Asiatic  Society  of  Bengal,    New  Series,   Vol.  XL VII,  extra 

number  to  Part  I  of  1878,  k  XLIX,  Fart  I,  No.  2,  &  Part  II,  No.  2  (1880), 
870,  Calcutta. 

The  Society. 
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Proceedings  of  the  Asiatic  Society  of  Bengal,  No.  VI  (1880),  8yo,  Calcutta, 

The  Society. 

Memoirs  of  the  Geological  Survey  of  India,  Vol.  XVI,  Part  2  (1880),    8vo, 
Calcutta. 

The  Suetey. 

Palsdontologia  Indica,  Series  X,  PaH  5,  &  XIV,  Part  I  (1880),  4to,  Calcutta. 

■ 

The  Suetey. 

Records  of  the    Geological    Survey    of  India,    Vol.   XIII,  Part  3  (1880)^  8vo, 

Calcutta. 

Gbol.  Subvey  of  India, 

CoPENHAGEH.— M^moires  de  1'  Acad^mie  Royale  de  Copenhague,  5th  Series,  Vol.  XI,  No.  6. 

k  XII,  No.  6  (1880),  4to,  Copenhague. 

The  Academy. 


n 


ff 


Oversigt  over  det  kong.    danske  Videnskabemes  Selskabs,  1879,  No.  3, 
1880 ;  No.  1  (1879-80) ;  8vo,  0>penhagne. 

The  Academy. 

DiJOK.— M^moires  de  1'  Academic  des  Sciences  de  Dijon,  3rd  Series,  Vol.  V  (1879),  8vo. 

Dijon. 

The  Academy. 

Dbsbdbn. — Sitzungs — Berichte  der  Naturwissenflchaftlichen  Gesellschafb  Isis  in  Dresden, 

Jahrg.  1878,  July  to  December  (1879),  8vo,  Dresden. 

The  Society. 
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Glasgow.— TraDsactions  of  the  Geological  Society  of  Glasgow,  Vol.  I,  Part  1  (1868) ;  II 

(1868) ;  III,  Part  2  (1869)  ;  IV,  Part  I  (1871) ;  and  VI,  Part  I  (1879) ;  8vo, 

Glasgow. 

Thb  Socibtt. 

Halle. — Leopoldina  der  kais.  Leop.  Carol.  Dents.  Akademie  der  Naturforscber,  Heft.  XII 
(1876)  to  XV  (1879),  (1876-79),  4to,  Halle. 

Thb  Academy. 


»> 


*i 


it 


Nova  Acta  Academise  CsBsaresd  Leopoldino-Caroliiua  Germanicae  Naturae  Cario- 
soram,  Bd.  XXXIX  k  XL  (1877-78),  4to,  HaUe. 

Thb  Acadbmt. 

Lausanhb. — ^Bulletin  de  la  Soci6t^  Vandoise  des  Sciences  Naturelles,  2Dd  Series,  Vol.  XVI, 

No.  83  (1880),  8?o,  Lausanne. 

Thb  Socibty. 

LoNDOK. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  IX, 
No.  4  (1880),  8vo,  London. 
Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 
Vol.  XII,  No.  2  (1880),  8yo,  London. 

Thb  Society. 

Journal  of  the  Society  of  Arts,  Vol.  XXVIII,.  Nos.  1438—1450  (1880),  8vo, 
London. 

The  Society. 

Paheontographical  Society's  Publication,  Vol.  XXXIV  (1880),  4to,  London. 
Proceedings  of  the  Boyal  Geographical  Society,  Vol.  II,  Nos.  1,  2,  4  &  5  (1858), 
and  New  Series,  Vol.  II,  Nos.  6  &  7  (1858  &  1880),  8vo,  London. 

The  Society- 

Proceedings  of  the  Boyal  Institution  of    Gi-eat  Britain,  Vol.  IX,  Parts  1-2, 
Nos.  70-71  (1879),  8vo,  London. 

The  Institute. 

Proceedings  of  the  Zoological  Society  of  London,  Part  I  (1880),  8vo,  London. 

The  Society. 

Catalogue   of  the   Library  of  the  Zoological  Society  of  London  (1880),  8to, 
London. 

The  Society. 

Quarterly  Journal  of  the    Geological  Society  of  London,  Vol.  XXXVI,  Part  II, 
No.  142  (1880),  8vo,  London. 

The  Society. 

Madbid.— Boletin  do  la  Sociedad  Geografica  de  Madrid,  Vol.  VIII,  Nos.  5  and  6  (1880),  8vo, 

Madrid. 

The  Society. 

Makchesteb.— Transactions  of  the  Manchester  Geological  Society,  Vol.  XV,  Parts  14—17 

(1878  and  1880),  8vo,  Manchester. 

The  Society 
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Mblboubnb. — Report  of  the  Chief  Inspector  of  Mines  to  the  Hon'ble  the  Minister  of  Mines, 

for  1879  (1880X  flfic.,  Melbonme. 

MnoKo  Deft.,  Victobia. 

„  Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  3l8t 

March  1880  (1880),  flsc.»  Melbourne. 

Miking  Dbft.,  Victobia. 

„  Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria,  Vol.  XVI 

(1880),  8vo,  Melbourne. 

Thb  Society. 

Moscow.— Bulletin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscow,  Vol.  LIV,  No.  4 

(1880),  8vo,  Moscow. 

The  Societt. 

Pabis. — Bulletin  de  la  Soci^t^  G^logique  de  France,  3rd  Series,  Vol.  VIII,  No.  1,  and 

Vol.  VIII,  Stance  G^n^rale  Annuelle  et  Calibration  du  Cinquantenaire 
(1880),  8vo,  Paris. 

The  Society. 


i> 
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Comptes  Rendus  hebdomadaireB  des  S^ces  de  TAcad^mie  des  Sciences,  Vol.  LXX  VII 
(1873)  to  LXXXVIII  (1879)  (1873—79),  4to,  Paris. 

The  Acadvhy. 

M^moires  de  TAoad^mie  des  Sciences  de  I'lnstitut  de  France,  Vol.  XXXIX 
(1877),  XL  (1876),  and  XLI  (1879),  4to,  Paris. 

The  Academy. 

M^moires  pr^sent^s-  par  divers  Sairants  il  TAcad^mie  des  Sciences  de  I'lnstitut  de 

France,  2nd  Series,  Vol.  XXI  (1876)  to  XXVI  (1879)  (1876—79),  4to, 

Paris. 

The  Academy. 

Recueil  de  M^moires  Rapports  et  documents  relatifs  ^  I'Observation  du  Passage 
de  V^nus  sur  le  Soleil,  Vol.  I,  Part  I  (1877)  and  II,  Part  1  (1878), 
(1877-78;,  4to,  Paris. 

The  Academy. 

Philadelphia. — Jonmal  of  the  Academy  of  Natural  Sciences  of  Philadelphia^  New  Series, 

Vol.  VI,  Part  4  (1869),  4to.,  Philadelphia. 

The  Academy. 

,,  Journal  of   the  Franklin  Institute,  3rd  Series,  Vol.  LXXIX,  No.  6,  and 

LXXX,  Nos.  1  &  2  0880),  8vo,  Philadelphia. 

The  Ikstitutb, 

„  Proceedings  of  the  Academy  of  Natural  Sciencas,  Parts  I — III  (1879),  8vo, 

Philadelphia. 

The  Academy. 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Naturali,  Processi  Verbali,  9  Maggio  1880, 

and  4  Lnglio  1880  (1880),  8yo,  Pisa. 

The  Society. 

Bomb.— Atti  della  R.  Accademia  dei  Lincei,  3rd  Series,  Transunti,  Vol.  IV,  fasc.  7  (1880), 

4to,  Roma. 

Tbb  Academy. 
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Bomb.— Bollettino  del  R  Comitato  Geologico  d'ltalia,  Vol.  X  (1879),  8vo,  Boma. 

Geol.  Comm.,  Rovb. 

Salbm.— Bolletm  of  the  Essex  Institate,  Vol.  XI,  Nos.  10—12  (1879),  8vo,  Salem. 

Thb  Inbhtutb. 

St.  Pbtbbbbubo. — ^Beitrage  znr  Kenntniss  des  Bussisclien  Beicbes  nnd  der  AngrensBenden 

Lander  Asiens,  Folge  II,  Band  I  (1879),  8?o,  St.  Petereboorg. 

Thb  Acadbut. 

SiKOAFOBB. — Journal  of  tbe  Straits  Branch  of  the  Boyal  Asiatic  Society,  No.  6  (1880),  8to, 

Singapore. 

Thb  Socibtt. 

YxBNKA. — Jahrbuoh  der  Xais.  Eonig.  Geologischen  Beicbsanstalt,  Band  XXX,  No.  1  (1880), 

8vo^  Wien. 

Thb  Institutb. 

„  Yerhandlungen  der  K.  E.  Geologischen  Beicbsanstalt,  Nos.  9 — 12  (1880),  8vo^ 

Wien. 

Thb  Ihstitute. 

WiBHiKOTOir.— Bulletin  of  the  Philosophical  Society  of  Washington,  Vols.  I  (1874)  to  III 

(1880),  Washington. 

Thb  Socibtt. 

Wbllinotov.— HuTTOK,  F.  W.^Mannal  of  the   New    Zealand   MoUnsca  (1880),  8vo, 

Wellington. 

Gbol.  Subybt  of  Nbw  Zbalakd. 

„  International  Exhibition,  Sydney,  1879.    Appendix  to  Official  Catalogue  of 

the  New  Zealand  Coxat  (1880),  8vo,  Wellington. 

Gbol.  Svbybt  of  Nbw  Zbaland. 

„  Transactions  and  Proceedings  of  the  New  Zealand  Institute,  Vol.  XII 

(1880),  8to,  Wellington. 

Thb  Institutb. 

YoKOHAKA.— Mittheilungen  der  Deutscben  Gesellscbaft  fiir  Natur  nnd  Yolkerkunde  Osta- 

nens,  June  (1880),  flsc.,  Yokohama. 

Thb  Socibtt. 

„  Transactions  of  the  Asiatic  Society  of  Japan,  Yol.  YIII,  Part  2  (1880),  8vo, 

Yokohama. 

Thb  Socibtt. 
October  23rd,  1880. 
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